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(54) METHOD FOR MODIFYING CHROMOSOMES 

(57) The present invention relates to a method tor 
producing a modified foreign chromosome(s) or a frag- 
ments) thereof, which comprises the steps of: 

(a) preparing a microcell comprising a foreign chro- 
mosome^) or a fragment(s) thereof, and transfer- 
ring said foreign chromosome(s) or a fragment(s) 
into a cell with high homologous recombination ef- 
ficiency thorugh its fusion with said microcell; 

(b) in said cell with high homologous recombination 
efficiency, inserting a targeting vector by homolo- 
gous recombination into a desired site of said for- 
eign chromosome(s) or a fragment(s) thereof, and/ 
or a desired site of a chromosome(s) derived from 
said cell with high homologous recombination effi- 
ciency, thereby marking said desired site; and 

(c) in said cell with high homologous recombination 
efficiency, causing deletion and/or translocation to 
occur at the marked site of said foreign chromo- 



some^) or a fragment(s) thereof. 

The invention also relates to a method for producing 
a chimeric non-human animal or a non-human animal, 
which comprises a modified foreign chromosome(s) or 
a fragment(s) thereof; the chimeric non-human or non- 
human animal; a recombinant chromosome(s) or a f rag- 
ment(s) thereof, which is obtained by deletion and/or 
translocation of a chromosome(s) or a fragment(s) 
thereof; a method for modifying a foreign chromosome 
(s) or a fragment(s) thereof in a cell; an artificial chro- 
mosome vector, which comprises a centromere se- 
quence derived from human chromosome #14 and; a 
recognition sequence for a site-directed recombination 
enzyme; and a recombinant chromosome(s) or a frag- 
ments) thereof obtained by deletion and/or transloca- 
tion of a chromosome(s) or fragment(S) thereof. 
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Technical Field or fraament(s) thereof.The present 

ration ' n p«i are disrupted, use of the same, 

thereof ^^^^SiSSL the p.uripotent cel. ot the present nve on as ^ ne can fae 
disrupted endogenous gene . ™* n0 n-human animal is produced from *• 1 „ 0 , tne non -h U man 

gES&s-- 

30 Background Art that ls techniques of producing transgenic animals are 

that regulate the expression of the genes , (..g. w ag^ ^ diseases . P"W.shed by Nakaya^ & , 

of afertilized egg (Gordon et al P.n.a_ , g chimerjc m0US e (Takahashi e ia k ^ 

containing about 80 P erce " 1 " . Nature Genetics, 15:146, 199/)- » new f t 2 Mb 

fusing a YAC ' ret ™ Y Hum , Mol . Genet., 1.19. 19 ^M" DNA fragment con- 

can be cloned on YAC (Den Dunnen ^ therefore , n som e cases, a n recomblna tions 

nM « «pouences occurs frequently in ouuuiny j . tal _ . n a complete form, in tan. ceuo... 
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[00081 UseM and « B ™ 8 ^taT »« -ee.p». (Ho* « «- <*« P™ ^^ST*» dvs„opr,,n 
(0^0,....^^ 

tattve Biology, Vol. LVill, 339. 1«* . 0 oe such that their coding regions have *■ Mi » » M | Kngths 

Causes congenital deformity (Down, ^^^ F^-^- Whe " 8 9ene * *T*1 Sna Jhe G band has 

=5=Ss.— 

— - .T,Sf?W /Tn^ntrS-1. —» *- - - " SS^*Tii « » sacral 
P.N.A.S.. TO12M. 1973 > ^ chromosome. The mcrocell .s a *»«""™ » Mnsanl „ (i„ many 

— --"-=^--1 — r~=rr s - 

=re=.Cpr^^^ 

- r 3 ^r s ^r^r^e S „ 

- srrrhnC^ 

&e . SCPP T ^I— KnLng.oo, .or J*** 
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. t tho cprond homologous recombination frequency is 
the ability to d.erentiate into gen. ce,.s of a ch = c mouse tot he e jJJ^i, n998) . Hence, when atatjet 



p.143-, 1989). 

[0016] The reasons are as follows. 
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i61 The reasons cue a» »« nw "*" 

The transferofahumanchromosome ^^^^^^^^ 
Z ouransfer of chromosomal aberration. Up to now « tatel to thC embr *° 9eny ^ 

KTSh ,s ' 

£mat^ 

cells translerred into an ^^^^.^^^s^M Science, 247:707, 1990). 

ES cell or its senescence (Muller et al., Nature, 311 .43 9 derived cnro mosome introduced into an early 

Onrv tew studies have been reported as to whether a soma* cell der^ cell . de nved chromosome 

eX can function in the process of embryon^ dev^ 

TenLe the expression of a specif ^ ^ 

beTo chromosomes is assumed to concern ""^^J^^ of tissue-specific genes has beer , sug_ 
rHinnto differentiation of cells and its .mportant role in the exp res tnv , atedDNA substrate Is Introduced 
8 ^rider 0^ 53 3 1988) . For example, it has been reported that if a methyiat recombination 
CtrSed DNA is maintained after rep.cat.on and MJ"^» „ ^ 1992 , ln addttl0 n. 

L normal* expressed in a mouse Bee, 
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Disclosure of Invention 
moSrThe subject matter of the present invention is as fo.iows: 

tSSSSffiS3==SK s=s=s=ss=. 

arT) derived, with a ce.l having a high abili* to »«" • «™«^ ^Turther fusion of the microcell induced from 
^or a fragment(s) thereof may be induced from a cell prepared by a t ^ C hromosome(s) 

hi hJlrid cSl wtth a cell having a high ability to form a mlcroce "J h " e cell naving a high ability to form a 

mirrocell may be a mouse A9 cell. The plunpoteni cen can t . cnrom osome or fragment 

£ £ gene of interest on the foreign chromosome or fragment neavy . C hain and light<hain genes^ 

sees- - * ^-jsKSrssrss^. — ^-ssss: 
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1 106 061 M me ,s) or fragments) thereof, 

• , hB foreign chromosomes) or » y chr0 . 

zsss^^^^ . 

m osome(s) or fragment^) (g) there( * ^ ln tne cell 

preferably a ^ us - containing a torelgn *"™^^e^) ™*« T^SS W I*"**"* <*" ^ 

oUtm^*^'^ 
0 den«ca.^orhomo^ 

nene(s) on the foreign chrom ■ the gen e(s) on the , w . « osorne (s) or «*JJ* and the animal 

Lgeny. one or both a e teso be en antlbo dy gene. cnies 0 , 

•=£^^3=. 

tJl with a m^^jji established a human antibody. 

1rom an animal tissue ^-^J^, 0 1 a mammal more p o , , 0 . the ^ 

The antibody Is preferably an * be produced °y ( than g70 Kb and P 1 Mb and 

\l A biologically actrve ^substanc ^ „ tlbo dy g ^ ant , body gene °1 ^ gene> 

12 A non-human animal re taWg ^ retams at lea hain ge ne. a human 9 an0(V 

12 ' T he non-human ^ ^The non h" man animal o1 ^^J^nc, of non- 

human animal antibody gen 
,«onmbination. 
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,00291 Th.n»thodolMmie™yco™p^lheaep*ol: 

— — «— — — — - 

5?. trag-enus) thereof, which corpses the steps o». 

------- 



[0034] 

5 the steps o1: 



steps oi. 



8 



EP1 106 061 A1 



10 



15 



20 



25 



iteps of: 

preparing a microcel.contain^^ 

■■■■ 
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me #14 fragment The non-human animal is prelerabiy a mouse. 

duced chromosome « a cnr ° m ° s ° efficien cy, such as a chrcken DT-40 ce I] hunn duced chromosome 

cel. with high ^^.r^STorelgn chromosome(s) or fragments) thereof, the m oa 

non-human animal -"^iTj^L-hun-n animal cei. (tor examp^an g 

embryo, a bl «J^ C h^ 1 o8orne modification occurs. fraqme nt(s) thereof to be expressed In a chi- 

foreign rimprent. 
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be the same or may be dfflerent i£ as 

r.0047] Further summary of the prese ^ ^ 

comprises the steps of. anment(sl thereof, and transferring said 

is an animal cell. 

, hod ol „_ 4 «, erei „ said animal call k . »" Wal C '" 1 ' 

^.».»v— ' 

introduced. c «iuence for a site-directed re- 
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recombination enzyme is introduced. 

11 . The method of «em 1 0. wherein said translocation occurs between a piularity of foreign chromosomes or frag- 

ments thereof. 

,2. The method of item 11 . wherein a piularity of said foreign chromosomes are derived from the same species. 

13. The method of item 12. wherein said same species is a human. 

14. The method of item 11. wherein a piularity of said foreign chromosomes are derived from different species. 

15. The method of item 14, wherein said species are a human and a mouse. 

16 The method of item 10. wherein said translocation occurs between a foreign chromosomejs) or a tragment(s) 
thereof and a chromosome(s) derived from said cel. with high homologous recordation effcency. 

17. The method of item 9. wherein said site-directed recombination enzyme is a Cre enzyme. 

1 8. The method of item 9. wherein said recognition sequence for a site-directed recombination enzyme is a LoxP 
25 sequence. 

19. The method of item 1 . wherein said ce.l with high homologous recombination efficiency is an embryonic stem 
cell (or ES cell). 

20. The method of item 1 . wherein said ce.l with high homologous recombination efficiency is a chicken DT-40 cell. 

21 The method of «em 1 . which further comprises a step of screening a cel. comprising said foreign chromosome 
(s)'or a fragment(s) thereof in which deletion and/or translocation has occurred. 

M 22. The method of item 21 , wherein said screening is based on expression of a marker gene. 

23. The method of item 22, wherein said marker gene is a drug-resistance gene. 

24. Themethodofitem22,saidmarkergeneisagreenfluor e scentprotein-encodinggenederrvedfromthejelVfish 
40 Aequorea victoria or a modified gene thereof. 

25. The method of item 1 , wherein said foreign chromosome(s) or a fragment(s) thereof is derived from a human. 

26. A method for producing a chimeric non-human animal comprising a modHied foreign chromosome(s) or a 
45 f ragment(s) thereof, which comprises the steps of: 

Sft, said cel. with high homologous recombination eff iciency, causing deletion and/or translocation to occur 
tent non-human animal cell through its fusion with said microcell. 
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a desired site by insertion of the targeting vector, 
duced. 



15 vector. 



veuiui. 

u» « t flVnro «inn a site-directed recombination enzyme, 

32. The,ne,hooei»em3,.«he,*.v^^ 

33. The n,e,h« - » » where* *.» —n «» « . pM, - — " 

fragments thereof. 

33 The r»«,hed - .en, 31 . M sale ■"»"• » • <« «°»™- 

sequence. 

3,T,= ^..«-».»^» M ce,- W ^--*--«™^' " 

35 cell (or ES cell). 

_ ctpn ot ccreeninq cells comprising a foreign chromosome 

„. The m.tho,. o, «, 33. when* «* — * >— » ' - ■ ^ 

4, The method e, Iter, 40. when* uH merte, gene Is . tow"""" <*™- 

Aequorea victoria or a modified gene thereof. 

. • ««. cpn (A a microcell is produced from said cell with high homologous 
43. The method of item 26, wherein m the step (d) ^ c ^ P nt(s) thereof , in which deletion and/or translo- 
recombination efficiency; said foreign J s TsZw«h said microcell; a microcell Is produced 

cation has occurred is transferred into a CHO ^cell * " ent(s) thereof in which deletion and/or trans- 

'^^~:zt^t^ ii.—"— 

44 The me,h. a .. »em ». «W P**"* " » <" * 
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46. A method lor producing a non-human anima. comprising a modified foreign chromosome(s) or a fragments) 
thereof, which comprises the steps of: 

egg deSed from a homoiogous non-human animal of the same species. 

47 The method of Kern 46. wherein a p.uralKy of said ce„s with ^^^^"^ * MM * " 
iected to whole ceil fusion after steps (a) and (b) and are subjected to the step (c). 

48T hemethodof i tem47,wher e inap.ura^o,saidce lte with high homoiogous recombination efficiency comprise 
a distinct foreign chromosome(s) or a fragment(s) thereof. 

a desired site by insertion of the targeting vector. 

50. The method of item 49. wherein said deletion occurs at a sKe into which a te.omere seance has been intro- 



duced. 



vector. 

5 ,Themethodo,«em 5 ,whereinavector,whichis = 

is introduced into said cell with high homologous recomb, n at o ^ so that an 
said targeting vector comprising sa d ^ ^Tdeietlon and/or a translocation of said 

53 . The method of Kern 52. wherein said translocation occurs between a p.ulartty of foreign chromosomes or 
fragments thereof. 

55 The method of ftem 51 . wherein said site-directed recombination enzyme is a Cre enzyme. 

56 . ThemethodoUem51,whereinsaid^^^ 

sequence. 

57 . Themethodof tt em46,where.nsa«dce l .withh. g h homoiogous recombination efficiency is an embryonte stem 
cell (or ES cell). 

58 Themethodo,item46,whereinsaidce,.withh.gh homologous .combination efficiency is a chicKenDT-40 ceil. 
5 9 Themethodofitem46.which^^ 

or a fragment(s) thereof in which deletion and/or translocate has occurred. 



13 



10 



15 



25 



30 



40 



45 



EP 1 106 061 A1 

00. The method - U» 69. wherein se» see-, Is based on expression - = ™*« 
6, Tile MM 01 item 60. wherein « marKer gene Is . drug-reslsten, gene. 

the jellyfish Amm Mala or . modified gene thereof. 

crocell. 

u animal *.c a culture cell derived from an embryo or 
64. The method of item 46. said celi derived from a non-human an,mal ,s a 

a blastocyst. 

, _ ^nimai k a culture cell derived from a fetus or an 
. 65 . The method of item 46, said celi derived from a non-human ammal . a 



adult 



^^^^.^^^^^'"^'^ . 

(s) or a fragment(s) thereof. 

The non-human animal of item 00. *** *>" WS """ ,,S) 

p| U r.«l» ol foreign chromosomes or fragments thereof. 
* „ . T„e non-human enrme, o, Item 70. wherein s.,d —an, — — • ""™*> """^ 

tained in the nucleus of the non-human animal cell. 

-*---*' <,- " , '" 

„. T „. „o,hum.n .n,ma, o, - 70. *t,ere» the recombinant foreign — » * «- - — 

chromosomes #14 and #2. 

75. The non-human animal of Item 70, wherein said recombinant foreign chromosome(s) Is derived from human 

so chromosomes #1 4 and #22 

heavy-chain and a light-chain A of a human antibody. 

55 77 „m a nanima,o,*em^^^^ 

heavy-chain and a light-chain k gene of a human antibody. 

78. The non-human animal of item 70, which is a mouse. 
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79. The non-human animal of item 70. which is an ungulata. 

80. The non-human animal of item 70, which is a bovine. 

81 . The non-human animal of item 70, which is an ovine. 

82. The non-human animal of item 70, which is an avian. 
83 The non-human animal of item 70, which is a chicken. 

and into which 

, x _ <rQ „ mon tf O thereof in a cell, which comprises the steps of: 
85 Amethodformodifyingaforeignchromosome(s)orafragment(s)thereoi.na 

said desired site; and amm .. efMci encv causing deletion or translocation to occur at 

(c) in said cell with high homologous recombination efhciency c au y 
ihe marked site of said foreign chromosome(s) or a fragment(s) thereof. 

tion enzyme is a LoxP sequence. 

(s) or a fragment(s) thereof, into which 

at least a part of a human chromosome. 
mosomes#14and#22. 

90 . The recombinant chromosomes or a fragment thereof of item 88. whfch comprises fragments of human chro- 
mosomes #14 and #2. 

„ . T*. MM. «— or . «. 9 ™n, 0. W. 8S. «« — »— 

and a light-chain X of a human antibody. 

thor^nf of item 88 which comprises genes for a heavy-chain 
92. The recombinant chromosomes or a fragment thereof of item 88, wn.cn H 

and a light-chain k of a human antibody. 
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Figi shorn that human chromosome #22 (Itao^nO 8 ret^at 1 „ mouse 

4.3beph..og..pholeWhores^ 

0 , S . human chromosome .22 ^^^*2TSEt » E14 drug resistant ce. (PCR an.l»sis). 
mo.ome M-trenstaed E14 cell clone (Southern m „ Iemlr ,.d in a chime* mouse 

eWmerle mouse produced from, hums; ^^^^^mJ^eta. , „ 

F ! s 9 ;L s r:. e :rn,ror,hrntr:, s r:tmmo,.n„ — a^e—ahed 

^.hows,h a ,heah«d,«e,o,.n«S.human, 8 «is — ioase^anHSA— edc*«* 
ST, fc a Photograph 0- etectrophore*. pan™ showing the de,e*n human U sequence ,h a human 

£5 fc a p^gmph show* 9 that a *m <^Z^ZT^^-^ ' ' 

^ ™4-wn,^.d chimeric mouse (.low ,*o™.* analysts). 

Fig 23 shows the structure ot Lo.Pps.NEO plasmid DrJA> 

F*. 24 show. the structure 0. genou* DNA caring a mouse an body »£t ^ 

i 9 ^, as a ONA .ragmen, to he de,ec« im <^^^^ s ^ tM ^,^^ 
Rg.28isaphotographolelectropho,es,sp^^ 

antibody light-chain homologous recombinants. 

Fig. 30 shows the structure of ^ mP : PG ^ ur ° ^°Zor a probe (or use in the southern b.ot anaiysis of 
F1 g. 31 shows a mouse antibody Hght<ha n ^^^^^ be detecte d in homoiogous recombinants 
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STSJE > p*oT™7.nne ™* o, F,SH a™** o, „ abided, wjy «- »9h«*a,ns deMeo. -ous. E s 

^r^tr^r 5=sszri22£. - - • — - - 

Zt< T^Z'Z-m me .1 RSH art*. =i . « ce„ edhtawag — chro m ds«ne 
£ ^S^SSTSl o. HSH ana*, o, . n»use m »» — g M =»™. 

™:xrr.rerrrr^^ 

of a mouse. 

Fig. 45 shows the structure of pBS-TEL/LIFPuro. 

Fig 46 shows that human chromosome #22 is retained in a ch.cken DT40 cell clone. 
Fio 47 shows the identification of homologous recombinant in LI F '° c "*- 

FTsoThowsanincreaseintheam^ 

Fig 51 shows the response to ASIALO-GM1 in chimeric mice. 

Pi •. 54 shows the results o. ™— mice. 
Fig. 55 shows the results of measurements o human Igy ^.^f^THSA-immunized double Tc/KO mice. 

STSSS. o. . vec... p H CF2 to PH» 9( R) and . — .« » >«»«*»«« 

"££%L .he o. . w*H> pXNracPba, and . method (., ,den,.,in 9 a tan*,™, .e- 

%?£L. .he suwu,, ol . «.ge« 9 ».=... pYH Z ,o,PH y ,(F) ahd . me.h.d ,« ide„<«yin 8 a h=™,. 8 du. 

recombinant. 

Pig xss ™ a^ «- . »— - «-»•« * — s 

H C g°67 shl the structure o. a targeting vector P TELPuroCD8A(R) and a method for identifying a homologous 

^shows the presence of a genetic marker on human chromosome jS ; and = ence - * m " tor 

on human chromosome 2 in a clone CD1 0 In which telomere was truncated at CD8A locus. 

F,g. 69 shows the resuls o, F.SH for £ ^clone CD10 ^ 

St " S r S £ location between , X Ps o, RHF Cone and of 

F^'shows PGR identiffcation for confirming the structure of a genomfc region after translocation between loxP 
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in RHF clone and confirming the translocation. 

ci rt 70 chnws the results of PCR for confirming translocation. 

pip 74 So" e u ol FISH for RHF clone using a pGKPuro probe and a 14qter specie probe and results 
o! FlSH forThe same clone using a chromosome 22-specific probe and a chromosome 14-specrf.c probe. 
^.TfctJh™. igy antibody titer and in IgX antibody titer in the sera of HAS-.mmun.zed 

chimeric mice C-10. 

Best Mode for Carrying Out the Invention 

*rt rnncm ThP oresent invention will now be described in detail. . 
S I mo P use thlr^ains a human chromosome(s) or a f ragment(s) thereof and which expresses the gene on the 
chromosome(s) or fragment(s) thereof can be produced by 



15 



SO 



25 



m preparing a chromosome donor cell which retains a labeled human chromosome or a fragment thereof; 
S Serr'g the human chromosome or fragment thereof into a murine pluripotent ce.l by m,croceli fusion. 

100521 in this procedure, a mouse is used as a non-human animal that retains a human *»™^ e "^"^ 
Sefeof and which expresses the gene on the chromosome or fragment thereof (the mouse ,s hereinafter referred to 

a nature,, occurring complex w»ch 
that are derived from human cells. There are 46 normal human chromosomes of 23 kinds (24 kinds in male). 
^^iSJE of about 50-300 Mb in size. In the present invention, the human chromosome includes 

in an E coli or veast cell, or extraction of the DNA from a cell. ^^„ m „/ c \ ™ n 

30 0054?' The term "human chromosome transferred mouse" means a mouse retaimng a human chromosomes) or a 

Eent{s^ 

(s) or a fragment(s) thereof in all or part of its normal somatic cells. 

(1) Preparation of a chromosome donor cell which retains a labeled human chromosome or a fragment thereof 

r00551 A desired chromosome donor cell 1 ) retains a human chromosome (s) labeled with * marker also available 
KecttS of recipient cel.s; 2) does not contain other human chromosomes; and 3) has a h.gher eb.iity to form a 

S el Any human-derived cell lines, cancer cells and primary culture celte can be used as Aerials for prodding 
humtn chromosomes. Among them. nam* fibroblast cells are suitable because they have a low possibility of abnor- 
mality such as deletion and amplification of chromosomes and can be readily cultured. resista „ ce 
Si As for 1 ) human cells can be transformed with vectors that express genes for markers such as dug-resistance 

Srmant may be fused with a cell having a high ability to form microcells such as mouse A9 c^l £sh,mura, M 
P^n Hearth Persoect 93 57 1991) so as to provide the transformed cell with an ability to form microcells. It Is 
known thai ^^nlusXmaSid cell's, human chromosomes selective, disappear. The fused cel. se.ected by the 
marker can retain stably the marked human chromosome. „ J# „ i* «„ Q t* «,tth 

55 TO0591 tn order to meet the condition of 2). it is desired to obtain a microcel. from the fused cell and fuse I again i with 
a mouse A9 cell In this case. too. most of the cells selected by the marker will meet the three conditions 1). 2) and 3 
aboSe The ma ked human chromosomes can be identified in the final, obtained mouse-human monochromosoma 
hybrd'clbyPCR^ 
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et al Current protocols in molecular biology, John Wiley & Sons, Inc., 1994). FISH analysis (Fluorescence In Situ 
Hybridization Lawrence et al., Cell, 52:51 , 1 988) and the like. It the transfer ol a specified chromosome is desired, the 
above procedures are applied to each of many human cell transformant clones to select a clone in which a chromosome 
of interest is marked. Alternatively, the above procedures are applied to a mixture of human cell transformant clones 

s and the identification of human chromosomes Is carried out on a large number of the resulting mouse-human mono- 
chromosome hybrid cells. „...,. 

[0060] In addition, a marker gene can be inserted into a desired site by homologous recombination of a specific DNA 

sequence on the chromosome which is to be transferred (Thomas et al., Cell, 51 :503. 1 987). 

r0061 ] A microcell prepared from the mouse-human hybrid cell may be irradiated with y-rays such that the marked 

10 human chromosome is fragmented and transferred into a mouse A9 cell. Even if the microcell is not irradiated with y- 
rays a partially fragmented human chromosome may be transferred at a certain frequency. In these cases, the resulting 
microcell fused clones retain partial fragments of the marked human chromosomes. These clones can be used when 
it is desired to transfer the partial fragments into recipient cells. 

[0062] Human chromosomes to be introduced into ES cells may be modified by deletion, translocation, substitution 
is and the like. Specific procedures for these modifications are as follows: 

1) In each of the steps of preparing the aforementioned mouse-human hybrid cell, inducing a microcell from the 
mouse-human hybrid cell, further fusing the microcell with a mouse A9 cell, inducing a microcell from the further 
fused cell and fusing the latter microcell with a mouse ES cell, deletion and/or translocation of human chromosomes 

so may occasionally occur. Cells retaining such mutated chromosomes are selected under the microscopic observa- 

tion of chromosomes or by use of PCR, Southern analysis, or the like. A clone retaining a desired mutant chro- 
mosome can be selected from a mouse A9 library retaining various human chomosomes. A clone retaining a 
desired mutant chromosome can be selected from A9 or ES cell fused with a microcell induced from a mouse A9 
cell retaining a certain human chromosome. The frequency of fragmentation of chromosomes can be raised by r 

25 ray irradiation (Koietal., Science, 260:361, 1993). 

2) A targeting vector retaining a loxp sequence that is recognized by Cre enzyme is constructed. A clone into which 
a loxp sequence has been inserted at a desired site on a chromosome is obtained by homologous recombination 
in a cell retaining a human chromosome. Subsequently, Cre enzyme is expressed in the cell of the clone to select 
a mutant having chromosomal deletion and/or translocation caused by site-directed recombination. See 
WO97/49804 and Smith et al., Nature Genetics, 9:376, 1 95. As a host into which a targeting vector is to be intro- 
duced, a cell allowing for high-frequency homologous recombination such as a chicken DT40 cell (Dieken et al., 
Nature Genetics. 12:174, 1996) may also be used. . 

3) A targeting vector retaining a human telomere sequence is constructed and the telomere sequence is inserted 
in the cell at a desired site on a chromosome by homologous recombination in a cell retaining a human chromo- 
some After a clone into which the telomere sequence has been inserted is obtained, a mutant having deletion 
caused by the telomere truncation is obtained. See Itzhaki et al., Nature Genet.. 2. 283-287. 1992 and Brown et 
al P N A S 93-7125 1996. As a host into which a targeting vector is to be introduced, a cell allowing for high- 
frequency homologous recombination such as a chicken DT40 cell (Dieken et al., supra) may also be used. Tel- 
omere truncation of human chromosomes in a chicken DT40 cell is first disclosed in the present invention. Brown 
(supra) discloses that a vector was inserted into a repeat sequence on a chromosome. However, no specific site 
can be targeted. Itzhaki et al. discloses that tumor cells, i.e., 12000 cells of cell line HT1080 into which a telomere 
sequence was introduced were analyzed and 8 homologous recombinants were obtained. They found that out of 
the 8 cells only one caused deletion by insertion of the telomere sequence. For some kinds of cells, results were 
reported that no mutant having truncation was obtained by insertion of a telomere sequence into some kinds of 

45 cells (Barnett et al., Nucleic Acids Res., 21:27, 1993). In spite of this report, the inventors believed that it was 

necessary to increase the absolute number of homologous recombinants in order to obtain mutants having trun- 
cation and made an attempt to perform telomere truncation using a chicken DT40 cell as a host. As a result, it was 
surprisingly found that truncation occurred in all of the 8 homologous recombinants obtained. 

so [0063] As mentioned above, a gene that should not be expressed in a human chromosome-transferred mouse can 
be removed by modification of a introduced chromosome. If the size of a chromosome to be transferred is shortened 
by fragmentation, the chromosome fragment to be transferred can be transmitted to progenies of the chromosome- 
transferred mice. In addition, using chromosome translocation and substitution techniques, genes derived from a plu- 
rality of chromosomes can be expressed on the same chromosome fragment and portions of a plurality of genes on 

ss the chromosome fragments can be replaced with different genes. In other words, foreign chromosome fragments can 
be used as vectors for transferring genes into individual mice and their cells. 

A more detailed description of a method for artificially modifying human chromosomes will now be given. 

[0064] To date an accidentally fragmented human chromosome or a full length human chromosome has been m- 
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, m. r-»n»« ir- 113 1997} In this case, some of the introduced human 
troduced into a mouse (Tomizuka e t al., Nature G « n ^ 6 ^ D 1 ^i n t i e mouse so that a human chromosome- 
chromosomes may be unstable in a mouse or ^^^ZX an introduced human chromosome 
introduced mouse itself cannot be generated. Furthermore . i « h B h ^ or a m0U8e i, bought 

cannotbetransmittedtoitsprogenys^ 

to inhibit melosls (Tomizuka et al., Nature Genet.., ^■^^^r^ ammmU (about 100 Mb) became 
miceretalningafragmentwhlcn^ ^ tne otner nand , small 

r—frUntsmay increase the ^ 

[0065] In order to produce a mouse, wh.ch cental nse .targe t „ free| ess a 
hen transmits it to the progeny, there ,s a need to H ^^^2 l lSch re m««omal fragments, but enables 
chromosome. That is. techniques that do not depend on ^^^^^^ fragment with another 
us to cleave a human chromosome at a oM -te or^ ™ ^^0^^ and have been used to date for generating 
stablechromosome.Thesetechniques are called^ endogenous mouse chromosome 

a mutant mouse having a modified chromosome, between homologous chromo- 

mainly in a mouse ES cell (WO 98/54348), or b V et al., Nature 

somes so as to cause deletion, inversion, or multiple* on °' "^J^^ suc \, a8 a mouse , having a human 
378: 720, 1 995). There have been no reports on production , oh non huma amma , ( chromosome 

chromosome(s) artificially modeled in ^^^^^ST. nSmmalian cel.. has been developed 
vector(Mammalian Artificial Chromosome, , M ^C). wl^h is staWy jta^ been ^ Qn q unjversa , 

vector * . . o. cctcm fnr constructing human artificial chromosomes, which will allow 

s 9 o,™;r:rmXmenrri 
r$u 9 r^^^^ 

chain gene clusters introduced thereto will be describee as ; oHows .it will n transmlsslon of HAC to the 

into a mouse, expression of human antibody genes contained In HAC in a mouse, 
progeny of chimeric mice. 

A. Modification of human chromosome 22 

l0 067, A human antibody X light-chain gene cluster is p.sent - 2*JJ* on * ^^Z7^t 
Collins et a... Nature 377: 367. 1995). To use on* the ' P-^^^ Into LIF locus 

artmcial chromosome, first, a human '^^^^ truncation to cleave the 

closely linked to a X light-chain gene 1 998). Next, a recognition sequence, loxP 

chromosome(forexam P le,Kuro,waetal. '^'c^ recombination into the HCF2 locus closely 

sequence, of a recombination enzyme, Cre, ,s inserted by horndejo us ^ are usedforthe 

Unked to the X light-chain gene cluster in he cen *°™^^^ J, causative genetic regions on the 

production of artificial chromosomes. By cloning only f agmen, s °f ohromosome ^ 



can be eliminated. 

B. Modification of human chromosome 2 



l0068] Ahumanentibody^ht-cha^^ 

et al., Genomics 16: 512, 1993). To use only the periphery of this region ™ •.^inatlon Into CD6A locus (for exam- 
chromosome, first, a human telomere sequent duster in the telomere side, 
pie, Gottfried M. et al.. Genomics 16: 512, 1993) closely inked 10 th ? * "9™ « recognition sequence. loxP 
Tnis insertion resuKs in te.omere-directed ^ n ^^^J^^2 Into the cosYHZ304 genomic 
sequence, of a recombination enzyme, Cre, is ins erted by on ^ COS YHZ304-lgx-CD8A fragment 
region closely linked to the k light-chain gene cluster in the centromere side. Mere, o y 
is used for production of artificial chromosomes. 
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C. Modification of human chromosome 14 fragment SC20 

4 a t „„~^t cron ic rptfiined almost 100% in a mouse and can 
[0069] It has been shown that human c romosome 4 .ragmen » SC£ » J^S^, chromosome veC tor. That 
be transmitted to progeny. Therefore, In this invent, on SC20 ^ a ' a ^^ M . ]5K . CDBA lragme nt of hu- 

First, a loxP sequence is inserted by homologous recomb.ne tion ^ P^ ^ 

14. The Cre-.oxP system (for example, R ^^^^ 

HCF2-lgX-LIF fragment of human chromosome 22 and cosYHZ304-lgic OUBA iragme 

the RNR2 locus on SC20 by translocation. hnmnlnnous recombi nation as described In A, B, and C above. 

ooll »rary .hat haa b«n c«»cl«l by the »M _b~*jd »^^« *J«J^ ^ 
, 9971 was also w, MM. in a chimeno moose Thai .. a *™™™"?™"S m - 95 % or -nor* The relention 
r.telr! chromosomal Moments c.nrelnlno mot or ^^^^ZZmi <* «* <*»"•* 

artificial chromosome vector, as in the above SC20. 

D Translocation of HCF2-.gX-L.F fragment of human chromosome 22 and cosYHZ3C4-.gK-CD8A fragment of human 
chromosome 2 onto SC20 by Cre-loxP system 

[0072] AsdescribedinA.BandCabove.a™ 
chromosome 22 or2.oramodifiedSC20isprod U ^^^^^ 

22 or cosYHZ304-lgK-CD8A fragment of human c ^°™ 2 .^J^^ t0 each other. A chicken DT-40 
cells, each retaining either one mod,f.ed human ^^^^^"^^^ way , al , the materials required 
hybrid cell retaining two modified human chromosomal fragments is produced, m. y. 

for translocation are prepared. ovnrD , ._ lne cnicken DT . 40 hybrid cell to cause translocation. The recom- 

Next, the Cre recombination enzyme ,s expressed m t ^^r^^ nM „ report ed to be very low (for example. 

must be devised. , i Urfl ,„r.i»t QS76 1995^ succeeded in causing translocation to occur 

[0073] In recent years, A. J. H. Smith etal. (Nature Gen e 9.376 9 9 5)succee « ^ ^ & 

'between chromosomes 12 and 15 in a mouse f^^lme nZX^o specific regions of chromosomes 
side (including loxP) and a portion on the s< sid n e h S^ ES cell, respectively, by ho- 

12 and 15 in a Hprt (hypoxanth.ne - guan.n - ^wnatten occurs between loxPs after 

mologous recombination. Since a Hprt gene is ^ n ^^^ ^Sluin) lacking hypoxanthine. However, 
the transient expression of Cre, the ES cells car , grow even ^ • "^^^''^^ cannofbe used for all cells. 
this selection T=f e u^ which, instead of Hprt genes, ap- 

As Qin, M. et al. (PNAS 91. 1706, 1994) nponia, in trans . oca tion and target cells grow in a medium con- 

s:ix"ri^=^^ 

992) and a modified gene thereof (for example He m et al.. Na ure 373 .663. Gpp ^ ^ 

genes for introduction of a gene into an animal ceil. S.nce em, S s,on of GFP no ^ ^ ^ ^ 

detected with fluorescence. Irve cells <>^^ J ^^^e f s smbility. Furthermore, the use of FACS 
low, GFP is gradually accumulated to a detectable level ,r a eel because o y ^ se)ection 

allows detection of very weak fluorescence. Therefore, in jnserted t tner with loxP in to 

marker for ioxP recombinant. For example, a ^^^^ P ^^t^^^^^ 
RNR2 locus on SC20, and then a promoter requ.rec '« *»^»"™ * on chromosorne 2 When recombination be- 
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selection using a drug. . Cre reC ombination enzyme is expressed stably, not 

To increase the recombination frequency it is as ^"™ tnar «" ^ |nWa| state by re -recomb.- 

transiently. In this case, a chromosome, in which translocation occ «, may a ^ cnromo80me s occurs from 

nation (or re-translocation) but with a low ^^^^S^ °< Cre recombination enzyme, or strict 
each other. Hence, such an experiment V^^^^^Z invention, a target human artificial chro- 
control over the expression of Cre recombination enzyme. How^v^r, irnmed iately after translocation 

mosome. in whfch translocation occurs, is transferred to a ,C ^ after refcrred t0 as "MMCT"), so that the 
Ta DT40 hybrid cel. by the mlcroce.l-mediated *»^J^ JJ^JSL enzyme. Therefore, no more strict ex- 
arget chromosome in the CHO cell can avoid £ "J^ 0 ^^ cxpr essed stably. As described below, the 

m in a non-human cel. (a chfcKen DT-40 ceJUn ^ -en lonV ^ tfuncations and translocatio ns 

0075] As disclosed in A. B. C and ce l. enables the cloning of human chromosomal 

between chromosomes by the Cre-loxP ^^J^^Z^ , oxP srte (14pt 2) on stable SC20 chromosome 
Umentsw«hanysize(exceedingtheclon.ngs,zeo,Y^^^^^^^^ numan artrt,c.a. 

vector Thus the inventors can announce a human artificial c ™ om ° , cnicke n DT-40 cells because the 

c^omosome-constructing system as disclosed herein ' -0?. On the other hand, a mouse ES 

frequency of homologous recombination is very low .n no ^™ a r ^ nBBo „ other than chicken DT-40 cells 
2 s kn^wn as another animal cel. with a ^^JS^SJ^ mouse ES cells can also be used in 
% nichi Aizawa. Bio Manual Series 8. ^J^^j^t^, to culture mouse ES cells which 
constructing human artificial chromosomes according to this _mve undit , e rentiated state, complex pro- 

Sve an ability to differentiate into ^^^^^^ ■ supra). Furthermore, mouse ES 
cedures like culture of vegetative cells, and other s k '«s ar e require K ^ (W 097/07671). Accordingly, chicken 

set rx~rir=xr~ 8 — - - - « 

oroblems as described above. „ .Kr«m fifi0 mes as illustrated in examples, the translocation of a 

feSSSSss 

P ~4 * cito riirpcted recombination enzyme is inserted by 

(1 ) A recognition sequence, tor example a loxP sequence, of a srte-d. ^ the loxP se- 

nomologous recombination into a chromosome , d ^ mouj «JK «*•• g g GFP. A preferable insertion site 

on a gene of- the mouse. T . 40 cells wnich ret ain human chromosomes 

(Z) The following procedures A and B are performed in chicken D 

containing desired regions. jred region on the nu man chromosome to 

telomere of said human chromosome. seQuence , „ inserted on the centromere side of the desired 

< 2 g -* ^™ the ,0XP sequence comprises ' for 

human chromosomal fragments are transferred from Jh* CHO cornpnsing the human chromosome 

(4 ) Site-directed recombination enzyme * expressed . recombination occurs between the loxP 
ol a fragment) as prepared in (3) f^^^^^Z. and GFP is expressed. Thus these ceils 
sequences, the promoter sequence and GFP gene are jo.ne a 
can be selected. 
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cells (a kind of cancer cell), most were transferred In a fragmented state. When the inventors tried to transfer human 
chromosomes from chicken DT-40 cells into mouse A9 cells and the like, however, fragmentation was observed for all 
the human chromosomes and no intact chromosomes could be transferred. However, upon transfer into Chinese ham- 
ster CHO cells the inventors found for the first time that Intact human chromosomes can be transferred. Therefore, 
the human artificial chromosomes prepared by this human artificial chromosome-constructing system, are temporarily 

transferred to CHO cells. cncwrc^. 
CHO cells are known to form microcells efficiently as mouse A9 cells do(for example, M. Koi et al., SCIENCE 260. 
361 1993) It should enable us to transfer human artificial chromosomes from CHO cells to mouse ES cells and to 
produce chimeric mice retaining the human artificial chromosomes. Furthermore, it is known that SC20 fragments 
themselves can be transferred to progeny. Thus it is naturally expected that human artificial chromosomes (X, k - HAC) 
produced by this system using these chromosomal fragments can be transferred to progeny. 
[00781 In the afore-mentioned report of Tomizuka et al. (Nature Genet., 16: 133, 1997). the human chromosome 
introduced into a mouse was derived from a human fibroblast. After introduction into a mouse ES cell via a mouse A9 
cell it was functional in both a chimeric mouse and its progeny. Expression of the human gene on the introduced 
chromosome at the transcription level and the protein level was confirmed for. for example, a human antibody gene 
(Tomizuka et al., Nature Genet., 16: 133, 1997). To date, it is still unknown if human chromosomes introduced into 
mouse cells via the cells of Aves, which is evolutionally distant from mammals, can keep their ability to function in 
mouse cells Moreover, apart from being derived from birds, chicken DT-40 cells have a very high homologous recom- 
bination efficiency (Takeda et al., Proc. Natl. Acad. Sci. USA. 89: 023, 1992). That is, a human gene on an introduced 
human chromosome may be inactivated by gene conversion between the human gene and homologous bird gene on 
a bird chromosome. Concerning this problem, there is only one report (Dieken.et al.. Nature Genet., 12: 174, 1996) 
that when human chromosome 11 was transferred to a mouse MEL cell via a chicken DT-40 cell, transcnpts of the 
human p-globin gene were detected. There is no report on the expression of a human gene at the protein level and 
the function of expressed human proteins. 

This invention shows that a human gene on a human chromosome transferred via a chicken DT-40 cell, and a protein 
encoded by this gene are functional in a mouse. Human immunoglobulin X chain protein was detected in the sera of 
chimeric mice retaining human chromosome 22 fragment (comprising a human immunoglobulin X chain gene) that had 
been genetically engineered in chicken DT-40 cells. Furthermore, in response to immunization with human serum 
albumin (HSA), increased antibody titer including antigen-specific human Xchain was confirmed. That is, the expressed 
human immunoglobulin X chain protein is present as a constituent of a functional antibody molecule. 

(2) Transfer of the human chromosome or fragment thereof into a mouse pluripotent cell 

[0079] It has been reported to date that an embyonic carcinoma cell (EC cell, Hanaoka et al., Differentiation, 48:83, 
1991) an embyonic stem cell (ES cell, Evans. Nature. 292:154. 1981) or an embyonic germ cell (EG cell. Matsui et 
al Cell 70:841 , 1992) that are derived from various strains of mice contribute to the normal somatic cells in mice, or 
are capable of the production of chimeric mice, by injection into or coculluring with a mouse early embryo. ES and EG 
cells have a very high ability in this respect and In many cases, they also contribute to germ cells thereby making it 
possible to produce progenies derived from the cells. EC cells can be obtained predominantly from teratocarc.nome; 
ES cells from the inner cell masses of blastocysts; and EG cells from primordial germ cells appeanng at the early stage 
of embryogeny These cell lines and their mutants, and any undifferentiated cells that are capable of differentiation into 
all or part of the normal somatic cells in mice can be used as recipient cells for the transfer of human chromosome in 
the present invention. In these recipient cells, for the purpose of achieving advantageous expression of a human gene 
to be introduced, a gene or genes such as a mouse gene homologous to the human gene can be disrupted in a chimeric 
mouse or a chimeric-mouse derived tissue or cell by using homologous recombination in gene targeting (Joyner et al.. 
Gene Targeting. 1993, IRL PRESS) or other techniques. 

[0080] The microcells prepared from the human chromosome donor cells obtained in item (1 ) or the microcells irra- 
diated with y- rays can be used as materials for the transfer of human chromosomes into the recipient cells. The human 
chromosome can be transferred into the recipient cell through fusion of the recipient cell with the microcell by the 
method described in Motoyuki Shimizu, "Cell Technology Handbook", published by Yodosha, 1 992. The microcell donor 
cells retain markers by which human chromosomes or fragments thereof can be selected In the recipient cells. The 
clone containing a gene, a chromosome or a fragment of interest can be selected by PCR. Southern blot analysis, 
FISH method or the like in the same manner as in (1 ), thus all kinds of human chromosomes or fragments thereof can 
be transferred. Moreover, if several chromosomes or fragments thereof which contain different selection markers are 
transferred sequentially, a recipient cell retaining these chromosomes or fragments at the same time can be obtained. 
In addition clones having an increased number of the transferred chromosome can be selected from the clones into 
which the human chromosome has been transferred. Such selection can be accomplished by increasing the concen- 
tration of a selection drug to be added to a culture medium. 
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chromosome retains the whole or part of the ch r ^ n ~,7 DNA extracte d from the selected recipient cell, 
nioues may be employed: Southern ™ * ^J^C* 63*91. 1988) or a human gene used 

i?SS5»=r 

,3, robe*.,. .1 a d*»* ™»se » the hum. chn.n.come — ES cell 
[M8S1 The^thodc^hSh^ew^^^ 

efl blent taction «** 5 ^, 8 ' "< *2™ TcTLt. Fo. ««vM. 8<e».uo. en*y=s 

w The— *«^ ; - T - = ^SSS 

rouah V judged by the color of their coat. However, it should be not «™ . The delalled information on 

"or does not aLys lead to the conclusion that t^re , no c " ^ obtained by Southern blot 

the retention of the human chromosome in vanous tissues of the chimeric m 
raiystusing the genomic DNA ^^S^ 

r00841 Theexpressionofthegeneonthetransfenedhumancnromos RT . pcR method or nort hern 

andAndo, „ ... . . h>ll /„ rian , ha scientific 1987; Ishikawa, "Enzyme immunoassay 

-Monoclonal Antibody Experiment Manual", published by Kodansha Sc.ent,,^ • ^ supra)i ls0 . 

wTh Superhigh Sensitivity", published ^^^^9^M^ Jpn Cance^Res.. 80:413. 1989) orthe 
zyme analysis utilizing the difference in electrophore^ c mob.lrty ^Koi et al., # ^ ^ ^ ^ ^ human 

etaJng human chromosome#14 or '^^^^ wV*^'-*' 

enzyme Immunoassay using an anti-human .g ««nd. edm chajn ^ ^ 

w«h mouse antibody. Hybridomas capable of P^ n » ' a human-derfced antigen (e.g.. HSA) 

L reference to the case of a mouse retain ng a uman ^J^„"ci«i««i or fragments thereof to be 
- gene(s) on the chromosome(s) or ^^^^^^STv^ derived from humans but include any foreign 
Transferred Into chimeric non-human ^^^^.rt^i*** Is transferred into 
chromosomes and fragments thereof. The term foreign c nrom °*°™ . , expresse d In a chimeric non-human 
a potent cel. and, subsequently, the gene on ^J^^^^rZ^^ limited. Other kinds of 
animai. The organism species from ^^^^^^^ - tne P resent ES °' 

so chimeric animals such as chimeric rat and pig ^.^^^ rat (lan naccone et al„ Dev. Biol.. 1 63, 288-. 
ES-.ike cells derived from '^^^T^SSS^^ et a... Proc. Natl. Acad. Sc.. USA 91 . 
1994); pig (Wheeler et al., Reprod. Fertil. Dev. 6, 563-, ™ i Transgenic Animal". Protein 

6143-6U7 1 994) and attempts have been made on J^J^J^ , „ know 9 n M sheep to devel- 

Nuc.eic Ac.d Enzyme. October. 1995, Special Issu, ^ pu J. he ^ Ky° su S ^ l ^ 
55 oped normalty from an unfertilized egg trar»ptamed ™^ fl0IW (Campbe „ e , a... Nature. 380. 64-. 1 996). 

opined by subcultivation of the ES-like cell ^^^^^ transfer of foreign chromosomes to produce 

Sifnot^ 
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the chromosomes or fragments thereof in the same manner as in the case of mouse. 

008* Rece^y rapid progression of nuclear transpiantation technology allows us to use the somatic « 
, JhT^L dLentiated than the above ES or ES-like cells, as donors for nuclear transplantat,on. There have 
K^XSSESESJ be obtained by nuc.ear transplantation Into unfertilized eggs using mammary 
been reports that viaoie p g y fibroblasts of a fetal calf (Schmeke et al., 

£nce^ 

M^ve Tan genl sh e° p (S chnieke et a.., supra) and transgenic bovine (Cibe.li et al.. Science 280: 1256. 1998) 
ctT be Tenerated using somatic ceils, into which cloned foreign DNA has been introduced, as donors. 
WW Therefo J Us concluded that nuc.ear transplantation using somatic ceils, into which ore.gr, ch™"^ 
Sgnreccmb^ . 
and expresses the foreign chromosomes or the foreign recombinant chromosomes. Th,s can be done, for example by 

the following procedures (1) to (5). 

(1) The following steps A and B are performed in a chicken DT-40 cell that retains human chromosome 22 com- 

J? B^ognL sequence of a site-directed recombination enzyme, for example a loxP sequence, te inserted 
or the centre side (for example HCF locus) of the IgX region on human chromosome 22. A targeting vector 
comprises I the ioxP sequence comprises a promoter sequence for the expression of a marker, such as a GFP 

^Z^XTc* retaining human chromosome 14 fragment SC20 in which a ioxP sequence and GFP 
nL* are inserted on RNR2 locus and the chicken DT-40 cell produced in (1) above is subjected to the whole cell 
fuZ J thereby obSnmg chicken DT-40 cells retaining two types of human chromosomal fragments at the same 

She site-directed recombination enzyme is expressed in a mouse ES cell retaining thehuman chromosome 
Salmen producedin(2)above.Thepromotersequenceandthe 
iteSed recombination occurs between the IoxP sequences, so that the GFP • expressed Thai ^is, ch,cken 
D?40 cells comprising recombinant human chromosomes resulting from translocat on can ^ selected. 
S The recombinant human chromosome (fragment) as produced in (3) above .s 

MMCT A microcell is induced from the CHO cell retaining the obtained recombinant human chromosome frag- 
ment an Mhe the microcel. is fused with, for example a fibroblast derived from a fetal calf ^es^broWas^ 
Si'ng the recombinant human chromosomal fragments, can be selected by. for example the express,on of a 
rimo-resistant marker, present on the recombinant human chromosome. 

?5?NuSHJ£ptoiiWton using the fibroblast derived from a fetal calf, retaining the recombinant human chro- 
mosomli f agments obtained in (4) above as a donor, and using a bovine unfertilized egg as a 
3Tfl^r*£ of a bovine and offspring retaining and expressing the recombinant human chromosomal fragments 
(Cibelli et al.. Science 280: 1256, 1998). 

,00891 in the present invention, pluripotent cells into which a foreign chromosome(s) or a f ragment(s) thereof are 

ZLedarenotl^ 

a'oSn chrom OSome (s) or a fragment(s) thereof into bone marrow stem ce..s. If these bone marrow stem cells are 

transDlanted into a living organism, hereditary diseases, etc. may be treated. 

OoT^^ cell retain^ a foreign chromosome(s) or a fragment thereof is different ated »J^^ 
chimeric non-human animal, reproduced progenies will retain the transferred chromosome(s) or fragment(s) thereof 
and exDress the gene(s) on the chromosome(s) or fragment(s) thereof. ^ ml „„„ hmmn 

foosil The chimeric non-human animals or their progenies can be used to express the gene on the fore.gn chromo- 
some or fragment thereof and to recover the expression product, thereby producing a bio.ogca.Jr act ve substtnee^ 
MoTe soecSally the chimeric non-human animals or their progenies can be bred under the conditions for express ng 
^JSZ%£'*£> chromosome or fragment thereof to recover the expression product from the b.ood ascrfes 
and the Hke of the anLls. Mernatively. the tissues or cells of the chimeric non-human an.ma. or ^m^eeU. 
derived herefrom (e.g.. hybridomas immortalized by fusion with myeloma cells) can be cultured unde the ^condtt ons 
tor express ng the gene on the foreign chromosome or fragment thereof and the expression product is thereafte^ ^ 
coveSom the culture. Furthermore, a foreign chromosome(s) or a fragment(s) thereof ^ «"««""^ 
Sssues or cells of these chimeric non-human animals or their progenies, or from .mmortal.zed cells denved therefrom 
the^ON A whtch is a component of said foreign chromosome(s) or f ragment(s) thereof; or cDNA derived j^'^.^ " 
ch^ 

or in immortalized cells derived therefrom may be used to transform ammal cells or .nsect cells (e.g.. CHO cells. BHK 
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cells, hepatoma cells, myeloma cells, SF9 cells) and the transformed cells may be cultured under the conditions for 
expressing the gene on the foreign chromosome(s) or f ragment(s) thereof to recover the expression product (e g an 
antibody protein specific to a particular antigen) from the culture. The expression product can be collected by known 
techniques such as centrifugation and purified by known techniques such as ammonium sulfate fractionation partition 
chromatography, gel filtration chromatography, adsorption chromatography, preparative thin-layer chromatography and 
the like. The biologically active substance includes any kinds of substances encoded on foreign chromosomes for 
example, antibodies, particularly human antibodies. For example, the human antibody gene on the foreign chromosome 
can be cloned from spleen cells of the chimeric non-human animal or immortalized cells such as hybridomas derived 
therefrom and transferred into Chinese hamster ovary cells (CHO), myeloma cells or the like to produce a human 
antibody (Lynette et al., Biotechnology, 10:1121-, 1992; Bebbington et al., Biotechnology, 10:169-, 1992). 
[0092] The chimeric mice or their progenies that retain human chromosomes #2, 14 and/or 22 (or fragments thereof) 
which can be produced by the method of the present invention can retain the greater part of the functional sequences 
of respective genes for human antibody heavy chain on chromosome #14, light chain k on chromosome #2 and light 
chain X on chromosome #22. Hence, they can produce a wide repertory of antibodies which are more similar to human 
antibody repertory, compared with known transgenic mice into which parts of human antibody gene have been trans- 
ferred by using yeast artificial chromosomes and the like (Green et al., Nature Genetics, 7, 13-, 1994; Lonberg et al. 
Nature, 368, 856-, 1994). Also, the chimeric mice andtheir progenies retainingtwo human chromosomes (orfragments) 
of #2+414, #22+#14 or other combination and the mice and their progenies retaining three human chromosomes (or 
fragments) of #2+#1 4+#22 or other combination which are obtainable by mating said chimeric mice and their progenies 
retaining two human chromosomes (or fragments), as produced by the method of the invention, can produce complete 
human antibodies both heavy- and light-chains of which are derived from human. These mice can recognize human- 
derived antigens as foreign substances to cause an immunoreaction with the antigens, thereby producing antigen- 
specific human antibodies. These properties can be utilized to produce human monoclonal and polyclonal antibodies 
for therapeutic treatments (Green et al, supra; Longberg et al., supra) . On the other hand, in order to obtain a human 
antibody having high affinity for a particular antigen more efficiently, it is desirable to produce a mouse which produces 
a human antibody but not a mouse antibody (Green et al., supra; Lonberg et a!., supra). In the present invention this 
is achieved typically by the following Method A or B using known techniques. 

Method A: a method using a mouse antibody-deficient ES cell and a mouse antibody-deficient host embryo for chimera 
production. 

Method B: a method in which a progeny retaining a human chromosome is obtained from a human chromosome- 
transferred chimeric mouse, followed by mating said progeny with a mouse in a strain deficient in a mouse antibody 
gene. 7 

[0093] A typical example for each of Methods A and B will be described below specifically. 
Specific procedures for Method A 

1. One allele of a mouse antibody heavy-chain gene present in two copies in a mouse ES cell is disrupted by 
homologous recombination in gene targeting (Joyner et al., "Gene Targeting", published by IRL PRESS, 1 993) A 
marker gene, such as a G 41 8 resistance gene, sandwiched with two copies of a sequence which can be removed 
later by site-directed recombination [for example, loxP sequence (see recombination with Cre recombinase in 
Sauer et al., supra; and see also the use of FLP recombinase- FRT sequence in O'Gorman, Science, 251*1351- 
1991)] is inserted at the site where the targeted gene is disrupted. 

2. The resultant drug-resistant mouse ES cells in which one allele of an antibody heavy-chain gene was disrupted 
is cultured in the presence of the drug at a high concentration. Then, those clones which became high concentration 
drug-resistant are selected. By screening these clones, clones in which both antibody heavy-chain genes were 
disrupted can be obtained (Shinichi Aizawa, supra). 

Alternatively, the other allele of a target gene in the drug-resistant mouse ES cell in which one allele of the 
antibody heavy-chain gene has been disrupted is also disrupted by homologous recombination. The same proce- 
dure may be repeated using a marker gene other than the precedingly inserted marker gene. For example ho- 
mologous recombination is performed using a G418-resistance gene, followed by another homologous recombi- 
nation using a puromycin- resistance gene to obtain clones in which both alleles of the antibody heavy-chain gene 
have been disrupted. When the same marker as the precedingly inserted marker is used, an enzyme gene that 
can cause site-directed recombination between recombinant sequences inserted at the both ends of the drug- 
resistance gene of item 1 is transiently introduced. Subsequently, drug-sensitive clones are selected that are free 
of the drug-resistance gene that has been inserted in the target gene. Then, a marker gene is inserted again by 
homologous recombination in gene targeting to obtain clones in which both alleles of the target gene have been 
disrupted (Seishi Takatsu et al., Experimental Medicine, supplement, Basic Techniques for Immunological Study 
p. 255-, 1995, Yodosha) . " 

3. An enzyme gene (e.g., a Cre recombinase gene (Sauer et al., supra)) which causes a site-directed recombination 
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between the recombination sequences inserted at both the ends of the drug-resistance gene In step 1 above is 
transiently transferred Into the mouse ES cells from step 2 above in which both antibody heavy-chain genes were 
disrupted. Then, drug-sensltlve clones are selected in which the drug-resistance genes inserted at the sites of 
both heavy-chain genes were deleted as a resuft of recombination between the loxP sequences [Seiji Takatsu et 
S'vShT 1 8W5] M6dlClne (eXtrB " Umber): BaSi ° Technologles in lm ™nological Researches", p. 255-. published 

4. The same procedures in steps 1 -3 above are repeated for the mouse antibody light-chain k gene to finally obtain 
drug-sensitive clones which are completely deficient in antibody heavy-chain and light-chain k 

5. Human chromosome #14 (fragment) containing a human antibody heavy-chain gene and marked with a drua- 
resistance gene (e.g.. G41 8 resistance gene) is transferred into the clone from step 4 above (antibody heaw-chain 
and light-chain tc-deficient mouse ES cell) by microcell fusion. y 

6. Human chromosome #2 (fragment) or #22 (fragment) or both containing a human antibody light-chain gene(s) 
and marked with a drug-resistance gene different from the one used in step 5 above (e.g.. puromycin resistance 
gene) are transferred into the clone obtained in step 5 above by microcell fusion 

7. Chimeric mice are produced from the ES cells obtained in step 6 above by using embryos obtained from a 

«o« , tfT T 9 00 abiNty ,C prodUCe " S own an,ibod y (e 9- f^ 6 ' 2 knockout mous e. Shlnkai et al Cell 
68:655-. 1992; membrane-type u chain knockout mouse, Kitamura etal.. Nature, 350:423-. 1991) as hostembrvos" 

8. Most of the functional B lymphocytes in the resultant chimeric mice are derived from the ES cells [Seiji Takatsu 
T^:?TTT Xa l^lft ne (6Xtra nUmber): BMte Technologies in Immunological Researches", p. 234-. pub- 
lished by Yodosha, 1995]. Since those B lymphocytes are deficient in mouse heavy-chain and light-chain k they 
produce human antibodies alone mainly as a result of the expression of the functional human antibody genes on 
the transferred chromosomes. ' " 

Specific procedures for Method B 

[0094] 

1. Chimeric mice retaining a human chromosome or a fragment thereof containing human antibody heavy-chain 
light-chain k or light-cha.n X are used to produce a progeny which stably retains the human chromosome or frao- 
30 ment thereof and which can transmit it to the next generation. 

2 A mouse in a strain which is homozygous regarding the deficiency in mouse antibody heavy-chain and liqht- 
chain k and which retains human chromosomes containing human antibody heavy-chain (#14) + light-chain k f#2) 
heavy-chain (#14) + light-chain X (#22) or heavy-chain (#14) + light-chain k (#2) + light^hain X (#22) is obtained 
by mating the mouse in a strain expressing human antibody heavy-chain or light-chain from step 1 above or a 
mouse in a strain expressing both human antibody heavy and light-chains obtained by mating the mice from step 
1 , with a mouse in a strain deficient in its own antibody genes (e.g.. the membrane-type p. chain knockout mouse 
mentioned above; Hght-chain k knockout mouse, Chen et al., EMBO J., 3:821-, 1993). Since mice in the resultant 
strain are deficient in mouse antibody heavy«hain and light-chain k genes, they produce human antibodies alone 
mainly as a result of the expression of the functional human antibody genes on the transferred chromosomes 
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[0095] Both Method A and Method B may be used not only to yield human antibodies but also to yield products of 
any genes located on a foreign chromosome efficiently. 

[0096] The present invention will now be explained in greater detail with reference to the following examples which 
do not limit the scope of the present invention. 

Example 1 

Production of chromosome donor cell retaining human chromosome (fragment) labeled with G418 resistance 
[0097] Plasmid pSTneoB containing a G418 resistance gene (Katoh et al.. Cell Struct. Fund 12 575 1987- Jaoa 

^rTIhuzS CoTnfl 09 ? 'h ^ ° eP ° Sit NUmbCr: VE ° 39) W3S Nneari2ed With '^notion enzyme s'all 
£St,« ™ uc, ;* TP 0 m,roduced in, ° numan n °™ al 'ibroblast cell HFL-1 (obtained from RIKEN Cell Bank 
RCB0251 ). The HFL-1 cells were treated with trypsin and suspended in Dulbecco's phosphate-buffered saline (PBS 
at a concentration of 5x1 0* cells/rnl. followed by electroporation using a Gene Pulser (Bio-Rad Laboratories Inc ) in 

X ll?T C l °' 1 ° I" i SS T ( ' Shida 61 " Ce " Technol °9y E *P eriment p ™*dure Manual", published by Kodansha 
S n A fla V t 9 ! « °°° * Was a PP'; ed at a «P«*»« °< 25 uF with an Electroporation Cell of 4 mm in length 
(1KS-2088. Bio-Rad Laboratones. Inc.) at room temperature. The electroporated cells were inoculated Into an Eagle's 
F12 medium (hereinafter referred to as "F12") supplemented with 15% fetal bovine serum (FBS) in 3-6 tissue culture 
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plastic plates (Corning) of 1 00 mm After one day, the medium was replaced with a F1 2 supplemented with 1 5% FBS 
and containing 200 ug/ml of G418 (GENENTICIN, Sigma). The colonies formed after 2-3 weeks were collected in 52 
groups each consisting of about 100 colonies. The colonies of each group were inoculated again into a plate of 100 
mm $ and cultured. 

[0098] Mouse A9 cells (Oshimura, Environ. Health Perspect, 93:57, 1 991 ; JCRB 0211 ) were cultured in Dulbecco's 
modified Eagle's medium (hereinafter referred to as "DMEM") supplemented with 10% FBS in plates of 100 mm<t>. The 
G418 resistant HFL-1 cells of 52 groups were cultured in F12 supplemented with 15% FBS and 200 ng/ml of G418 in 
plates of 100 mmf The mouse A9 cells and HFL-1 cells were treated with trypsin and one fourth to one half of both 
cells were mixed. The mixed cells were inoculated into a plate of 1 00 mm* and cultured in a mixture of equal amounts 
of DMEM containing 1 0% FBS and F1 2 containing 1 5% PBS for a period ranging from a half day to one day. Cell fusion 
was earned out in accordance with the method described in Shimizu et aL, "Cell Technology Handbook", published by 
Yodosha, p. 127-, 1992. The cell surface was washed twice with DMEM and then treated sequentially with 2 ml of a 
PEG (1:1-4) solution for 1 minute and with 2 ml of PEG (1 :3) for 1 minute. After the PEG solution was sucked up and 
the cells were washed three times with a serum-free DMEM, followed by cultivation in DMEM supplemented with*10% 
FBS for 1 day. The cells were dispersed by treatment with trypsin and suspended in a double selective medium (10% 
FBS supplemented DMEM) containing ouabain (1x10-5 M, Sigma) and G418 (800 jig/ml), followed by inoculation in 3 
plates of 1 00 mmf After about 3 weeks cultivation, the colonies formed were treated with trypsin to disperse the cells 
which were cultured in a selective medium (1 0% FBS supplemented DMEM) containing G41 8 (800 u,g/ml). 
[0099] The cells were dispersed by treatment with trypsin and two groups of the cells were collected followed by 
cultivation in 6 centrifuge flasks (Coaster, 3025) of 25 cm2 until the cell density reached 70-80% confluence The 
medium was replaced with a medium (20% FBS supplemented DMEM) containing Colcemid (0.05 u.g/ml, Demecolcine 
Wako Pure Chemicals Co., Ltd) and the cells were cultured for 2 days to form microcells. After the culture medium 
was removed, a cytochalasin B (10 jig/ml, Sigma) solution preliminarily warmed at 37°C was filled in the 25 cm2 cen- 
trifuge flask, which were inserted into an acryl centrifuge container, followed by centrifugation at 34°C at 8,000 rpm for 
1 hour. The microcells were suspended in a serum-free medium and purified by passage through a filter To the mouse 
A9 cells cultured to 80% confluence in the flask of 25 cm 2 , the purified micorcells were added and the two kinds of 
cells were fused with a PEG solution. The fused cells were cultured in a G41 8 containing selective medium and colonies 
formed were isolated. Human chromosomes #2, 4, 14 and 22 retained in the respective clones were identified by the 
methods described in (1 )-(3) below. All other experimental conditions such as operating procedures and reagents were 
in accordance with Shimizu et al., "Cell Technology Handbook", published by Yodosha, p127-. 

(1) PCR analysis 
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[01 00] The isolated cells were cultured and genomic DNA was extracted from the cells with a Puregene DNA Isolation 
kit (Centra System Co.). PCR was performed using the genomic DNA as a template with human chromosome specific 
primers to select the clones retaining human chromosome #2, 4, 1 4 or 22. The PCR amplification was conducted with 
about 0.1 u.g of the genomic DNA as a template, using a thermal cycler (GeneAmp 9600, Perkin-Elmer Corp ) in 
accordance with the method described in Innis et al., "PCR Experiment Manual", published by HBJ Publication Office 
1 991 . Taq polymerase was purchased from Perkin-Elmer Corp. and the reaction was performed in a cycle of 94°C 5 
minutes and 35 cycles of denaturing at 94 °C, 1 5 seconds, annealing at 54-57°C, 1 5 seconds (variable with the primers) 
and extension at 72°C, 20 seconds. The gene on each chromosome (O'Brien, Genetic Maps, 6th edition, Book 5 Cold 
Spring Harbor Laboratory Press, 1993) and polymorphic markers (Polymorphic STS Primer Pair, BIOS* Laboratories 
Inc.; Weissenbach et al., Nature 359:794, 1 992; Walter et al., Nature Genetics, 7:22, 1994) were used as primers The 
primers f orthe genes were prepared on the basis of nucleotide sequences obtained from data bases such as GenBank 
EMBL and the like. The names of the polymorphic primers and the sequences of the primers for the genes will be 
shown for the respective chromosomes in the following examples (#2, Example 1 ; #4, Example 6, #14, Example 9* 
#22, Example 2). The following genetic markers and polymorphic makers (Polymorphic STS Primer Pairs- D2S207* 
D2S177, D2S156 and D2S159, BIOS Laboratories, Inc.) were used to identify chromosome #2. 



C K (immunoglobulin kappa constant) : 5 
TGGAAGGTGGATAACGCCCT (SEQ ID NO:l), 5'- 
55 TCATTCTCCTCCAAC ATTAGC A (SEQ ID NO : 2 ) 
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FAB P 1 (fatty acid binding protein-1 liver) - 5' 
GCAATCGGT C TGC CGGAAGA (SEQ ID NO : 3 ) , 5'- 



5 



TTGGATC ACTTTGG ACCC AG (SEQ 



ID NO : 4 ) 



Vk3 -2 ( immunogl obul in 



kappa variable) : 5'- 



10 



CTCTCCTGCAGGGCC AGTCA (SEQ ID NO: 5), 5'- 



TGCTG ATGGTG AG AGTG A ACTC (SEQ ID NO : 6 ) 



15 



Vkl-2 (immunoglobulin kappa variable) : 5' 

AGTCAGGGCATTAGCAGTGC { SEQ ID NO : 7 ) , 5 1 - 
GCTGCTG ATGGTG AG AGTG A ( SEQ ID NO:8) 



20 



(2) Fluorescence in situ hybridization (FISH) 

25 [0101] FISH analysis was conducted with probes specific to human chromosomes #2, 4, 14 and 22 (CHROMOSOME 
PAINTING SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al., "FISH Experiment 
Protocol", published by Shujunsha, 1994. 

[0102] For example, at least one clone retaining chromosome #2 was obtained in 10 groups out of 26 groups (745 
clones). Among them, only 5 clones were positive to all the used primers specific to chromosome #2. FISH analysis 

30 was conducted with these clones. FISH analysis was conducted with probes specific to human chromosomes #2 
(CHROMOSOME PAINTING SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al., 
"FISH Experiment Protocol", published by Shujunsha, 1994. In the cells positive to all the primers, an intact form of 
human chromosome #2 was observed. In some of the clones positive to part of the primers, an independent chromo- 
some smaller than human chromosome #2 was observed or a cell having a chromosome in a form fusing with chro- 

35 mosomes other than human chromosome #2 was observed (Fig. 1). In Fig. 1 , the names of the clones are shown in 
the horizontal line and the primers used in the PCR are shown in the left longitudinal line. • shows positive clones and 
X shows negative clones. The forms of human chromosome #2 observed by FISH are shown in the bottom line. No 
description means no performance of experiment. 

[0103] A9 cells retaining human chromosomes #4, 14 and 22 were obtained by the same procedure. 



Example 2 

Transfer of human chromosome #22 into mouse ES cells by microcell fusion 

45 [0104] The mouse A9 cell clones retaining human chromosome #22 (hereinafter referred to as "A9/#22 M ) from Ex- 
ample 1 were used as chromosome donor cells. Mouse ES cell line E14 (obtained from Martin L. Hooper; Hooper et 
al., Nature, 326:292, 1987) was used as a chromosome recipient cell. 

E14 cells were cultured in accordance with the method described in Aizawa Shinichi, "Biomanual Series 8, Gene 
Targeting", published by Yodosha, 1995 and G418 resistant STO cell line (obtained from Prof. Kondo Hisato, Osaka 

50 University) treated with mitomycin C (Sigma) was used as a feeder cell. In the first step, microcells were prepared from 
about 10 8 cells of A9/#22 in accordance with the method reported by Shimizu et al. "Cell Technology Handbook", 
published by Yodosha, 1992. The total amount of the resulting microcells were suspended in 5 ml of DMEM. About 
10 7 cells of E14 were dispersed with trypsin and washed three times with DMEM and suspended in 5 ml of DMEM. 
The cells were then mixed with the microcells and the mixture was centrifuged at 1 ,250 rpm for 10 minutes to remove 

55 the supernatant. The precipitate was dispersed by tapping and 0.5 ml of a PEG solution (1 :1 .4) [5 g of PEG 1 000 (Wako 
Pure Chemicals Co., Ltd.) and 1 ml of DMSO (Sigma) as dissolved in 6 ml of DMEM] was added. The mixture was left 
to stand at room temperature for 1 minute and 30 seconds and 10 ml of DMEM was added slowly. Immediately there- 
after, the resulting mixture was centrifuged at 1,250 rpm for 10 minutes to remove the supernatant. The precipitate 
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was suspended in 30 ml of a medium for ES cells and inoculated into 3 tissue culture plastic plates (Corning) of 100 
mm In diameter Into which feeder cells were inoculated. After 24 hours, the medium was replaced with a medium 
supplemented with 300 ug/ml of G418 (GENETICIN, Sigma) and medium replacements were thereafter conducted 
daily. Drug resistant colonies appeared in 1 week to 10 days. The frequency of appearance was 0-5 per 10 7 of E14 
cells. The colonies were picked up and grown. The cells were suspended in a storage medium (a medium for ES cells 
+ 1 0% DMSO (Sigma)) at a concentration of 5 x 1 06 cells per ml and stored frozen at -80°C. At the same time, genomic 
DNA was prepared from 1 0 6 -1 0 7 cells of each drug resistant clone with a Puregene DNA Isolation Kit (Gentra System 
Co.). 

[0105] Human chromosome #22 was fragmented by irradiating the microceils with Y rays (Koi et al. t Science, 260: 
361, 1993). The microceils obtained from about 10» cells of A9/#22 were suspended in 5 ml of DMEM and irradiated 
with Y rays of 60 Gy on ice with a Gammacell 40 (Canadian Atomic Energy Public Corporation) at 1 .2 Gy/min for 50 
minutes. The fusion of y ray-irradiated microceils and the selection of drug resistant clones were conducted by the 
same procedure as in the case of the unirradiated microceils. As a result, the frequency of the appearance of the drug 
resistant clones was 1-7 per 10 7 of E14 cells. The drug resistant clones were stored frozen and DNA was prepared 
from the clones by the same procedure as in the case of the unirradiated microceils. 

[0106] The retention of the transferred chromosomes in the unirradiated microcell-transferred drug resistant clones 
E14/#22 - 9 and E14/#22 - 10, and in the y ray-irradiated microcell-transferred drug resistant clones E14/#22-14 and 
E14/#22-25 was confirmed by the methods described in (1)-(3) below. 

(1) PCR analysis (Fig. 2) 

[0107] The presence of the gene on human chromosome #22 (Genetic Maps, supra) and polymorphic markers (Pol- 
ymorphic STS Primer Pairs: D22S31 5, D22S275, D22S278, D22S272 and D22S274, BIOS Laboratories, Inc.; Nature 
359:794, 1 992) was detected by a PCR method using the genomic DNA of the drug resistant clone as a template. The 
sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide sequences obtained from data 
bases such as GenBank, EMBL and the like are described below. 
PVALB (parvalbumin) : 

5 • - TGGTGGCTGAAAGCTAAGAA (SEQ ID NO: 9) , 



5 1 - CCAGAAGAATGGTGTCATTA ( SEQ ID NO:10) 
MB (myoglobin) : 

5 ' - TCCAGGTTCTGCAGAGCAAG (SEQ ID NO:ll). 

5» - TGTAGTTGGAGGCCATGTCC ( SEQ ID NO:12) 
DIA1 (cytochrome b-5 reductase) : 

5 1 - CCCCACCCATGATCCAGTAC (SEQ ID NO:13) , 

5 1 - G C CCT C AG AAGACGA AGC AG ( SEQ ID NO: 14) 

IgX (immunoglobulin lambda) : 

5 • - GAGAGTTGCAGAAGGGGTGACT (SEQ ID NO:15) 
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5 1 - GG AGACCACC AA ACCCTCCA AA (SEQ ID NO: 16) 
5 ARSA (arylsulfatase A) : 

5 1 - GGCTATGGGG ACCTGGGCTG (SEQ ID NO:17), 

10 

5 * - C AG AG ACAC AGGCACGTAGAAG (SEQ ID NO:18) 

[0108] PCR amplification (Innis et al. t supra) was conducted by using about 0.1 u,g of the genomic DNA as a template 
with the above 1 0 kinds of the primers. As a result, amplification products having expected lengths were detected with 

15 all the primers in the case of the two unirradiated clones and with part of the primers in the case of the y ray-irradiated 
two clones. The results are shown in Fig. 2. In Fig. 2, a schematic chromosome map based on the G bands of human 
chrosome #22 and the location of some markers on bands are shown at the left side (O'Brien, GENETIC MAPS, 6th 
edition, BOOK 5, etc.). The arrangement of the genetic and polymorphic markers shows approximate positional rela- 
tionships on the basis of the presently available information (Science, HUMAN GENETIC MAP, 1994; Nature Genetics, 

20 7:22, 1 994; Nature 359:794, 1 992, etc.) and the order is not necessarily correct. With respect to four kinds of the G41 8 
resistant E14 cell clones, the markers for which the expected amplification products were detected by PCR are shown 
by ■ and the markers for which the expected amplification products were not detected are shown by □ . The results 
of the observation by FISH analysis are shown at the bottom side. A9/#22 is a chromosome donor cell. 

25 (2) Southern blot analysis 

[0109] Southern blot analysis of about 2 u.g of the genomic DNA digested with restriction enzyme Bglll (TAKARA 
SHU20 CO., LTD.) was conducted by using human specific repeated sequence L1 (lO^IO 5 copies were present per 
haploid genome, obtained from RIKEN DNA Bank; Nucleic acids research, 13;7813, 1985; pUK19A derived EcoRI- 

30 BamHI fragment of 1 .4 kb) as a probe in accordance with the method described in Ausubel et al., Current Protocols 
in Molecular Biology, John Wiley & Sons, Inc., 1994. As a result, a large number of bands hybridized with the human 
L1 sequence were detected in DNA of each drug resistant clone. With respect to the unirradiated 2 clones, their patterns 
and the quantitative ratio of human chromosomal DNA to mouse genomic DNA which could be presumed from the 
density of the respective bands were the same as those of A9/#22. The total signal intensity of the bands of the y-ray 

35 irradiated clones correlated with the degree of the deletion confirmed by the PCR analysis, as compared with that of 
A9/#22. 

(3) Fluorescence in situ hybridization (FISH) 

40 [0110] FISH analysis was conducted with probes specific to human chromosomes #22 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et al., "FISH Experiment Protocol 11 , 
published by Shujunsha, 1 994. As a result, In almost all of the observed metaphase spreads, human chromosome #22 
was detected in the form of translocation to the mouse chromosome with respect to E14/#22-9 and in the form of an 
independent chromosome with respect to the three other clones. 

[0111] The results of the above experiments demonstrate that the obtained G418 resistant clones E14/#22-9 and 
E14/#22-10 retained all or most part of human chromosome #22 whereas the clones E14/#22-14 and E14/#22-25 
retained partial fragments of human chromosome #22. 

Example 3 

50 

Production of chimeric mice from the ES cells retaining human chromosome #22 

[0112] General procedures for obtaining mouse embryos, cultivation, injection of the ES cells Into the embryos, 
transplantation to the uteri of foster mothers were carried out in accordance with the method described In Aizawa 
ss Shinichi, "Biomanual Series 8, Gene Targeting", published by Yodosha, 1 995. The cells in a frozen stock of the G41 8 
resistant ES clone E14/#22-9 which was confirmed to retain human chromosome #22 were thawed, started to culture 
and injected into blastcyst-stage embryos obtained by mating a C57BL/6XC3H F1 female mouse (CREA JAPAN, INC.) 
with a C3H male mouse (CREA JAPAN, INC.); the injection rate was 10-15 cells per embryo. Two and half days after 
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shown In Table 1 . 

Table 1 



Production of chi meric mice from the ES cells retaining human chromosome #22 (fragments) 
1 — rr: ~ ~~* I • * I N.imhomf I Contribution to coat color 



EScell clone/ 
human 
chromosome 



G418 
resistant 
clone No. 



Number of 
ES cell- 
injected 
blastocyst 
stage 
embryos 



Number of 
offspring mice 



Number of 
chimeric mice 



<-10% 



10-30% 



30%< 



E14/#22 



9 



166 



29 



16 



mi 13] As a resuK of the transplantation of a total 1 66 of injected embryos, 29 offspring 

the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 
Example 4 

Confirmation of retention of human chromosomal DNA in various tissues of the chimeric mice derrved from the ES 
cells retaining human chromosome #22 

101151 in addition to the determination of coat color in Example 3, the retention of the transferred chromosome was 
l obe wltt US i the genomic DNA derived from the tails of the 6 chimeric mice and one non-ch.merlc mouse. As 

Fc^ch TsTue PGR anafysis was conducted wRh MB and D1 A1 selected from the primers for the genes used n 
Fxamole 2 As a resu! bo^h primers gave expected ampliation products in all the tissues. The results of PGR analysis 
usTng mA1 pr me a- s° hown in Fig 9 4. The PGR products were electrophoresed on a 2% agarose gel and stoned 
with eth di m bromide for detection. The lanes in Fig. 4 represent the following from the left: B, bra. a Irwj SM 
muTcle; H, heart; Sp, Spleen; Th. thymus; Ov, ovary; K. kidney; nc. non-ch,menc mouse ta.l-denved DNA 
fneoative control); pc. human fibroblast cell (HFL-1) DNA (positive control). rDtninP ri 
WW These results show that E1 4/#22-9 contributed to various normal tissues ,n the mouse and that it reta.ned 
human chromosome #22. 
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Example 5 

Expression of the human genes in the chimeric mouse derived from the ES ceil retaining human chromosome #22 

5 [0119] The tail of the mouse (K22-7) having about 5% contribution to coat color was frozen with liquid nitrogen and 
then disrupted for use as a sample for confirming the expression of the human genes. The sample was a mixture of 
tissues such as skin, bones, muscles, blood and the like. Total RNA was extracted from the sample with an ISOGEN 
(Nippon Gene Co.) and used in an RT-PCR method to detect mRNAs of human myoglobin (MB) and human cytochrome 
b5 reductase (D1A1). The RT-PCR was performed in accordance with the method described in Innis et al., M PCR 

10 Experiment Manual", published by HBJ Publication Office, 1 991 . Randam hexamer oligonucleotides (final concentra- 
tion: 100 pmol, TAKARA SHUZO CO., LTD.) were used as primers for reverse transcription and Super Script (BRL 
Co.) as reverse transcriptase. The following primers were used for amplification using cDNA as a template. 



15 MB • 5 1 - TTAAGGGTCACCC AGAGACT (SEQ ID NO: 19), 



5 1 - TGTAGTTGG AGGCC ATGTCC (SEQ ID NO:20) 

20 



DIA1 : 5 1 -CAAAAAGTCCAACCCTATCA (SEQ ID NO:21), 

25 

5 1 - GC CCTC AG AAGACGAAG CAG (SEQ ID NO:22) 

30 [0120] As a result, amplification products specific to mRNAs of both genes were detected (Fig. 5). The RT-PCR 
products were elect rophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig. 5, M is a 
marker (Hindlll digested X DNA + Haelll digested « X174DNA, TAKARA SHUZO CO., LTD.); MB, human myoglobin; 
D1 A1, human cytochrome b5 reductase; and WT, a wild-type C3H mouse. 

[0121] With respect to the same individual (K22-7), total RNA was extracted from the brain, heart, thymus, liver, 
35 spleen, kidney, ovary and skeletal muscle with an ISOGEN and RT-PCR was performed on each organ with the above 
two primers. As a result, expected products of amplification with D1A1 were observed in all the organs and those with 
MB were observed only in the heart and skeletal muscle (Fig. 6). Myoglobin is known to be expressed specifically in 
muscle cells (Bassel-Duby et al., MCB, 12:5024, 1992). Hence, the above results show that the gene on the transferred 
human chromosome can be subjected to the normal tissue-specific regulation in the mouse. The PCR products were 
40 electrophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig. 6, the lanes represent 
the following from the left: B, brain; H, heart; Th, thymus; L, liver; Sp, spleen; K, kidney; Ov, ovary; SM, skeletal muscle; 
and M, marker (supra). The lower band observed in the results of MB are believed to represent non-specific products. 
[01 22] These results show that the transferred human chromosome #22 can function in normal tissues of the chimeric 
mice, 

45 

Example 6 

Transfer of human chromosome #4 or fragments thereof into ES cells 

so [0123] The mouse A9 cell clone retaining human chromosome #4 (hereinafter referred to as "A9/4F4") from Example 
1 was used as a chromosome donor cell. Mouse ES cell line E1 4 (see Example 2) was used as a chromosome recipient 
cell. The microcell fusion and the selection of G41B resistant clones were conducted by the same procedures as in 
Example 2. The frequency of the appearance of the drug resistant clones was 1-2 per 10 7 of E14 cells. The drug 
resistant clones were stored frozen and genomic DNA were prepared by the same procedures as in Example 2. The 

55 retention of the transferred human chromosome #4 or fragments thereof in the drug resistant clones E14/#4-4, E14/#4-7 
and E14/#4 - 11 was confirmed by the methods described in (1) - (3) below: 
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10 



20 



25 



30 



(1) PCR analysis (Fig. 7) 

[01 24] The presence of the gene on human ch romosome U (O'Brien, Genetic Maps, 6th edition , Book 5, Cold Spring 
Harbor Laboratory Press, 1993) and polymorphic markers (Polymorphic STS Primer Pairs: D4S395, D4S412, D4S422, 
D4S41 3, D4S41 8, D4S426 and F1 1 , BIOS Laboratories, Inc.;, Nature 359:794, 1 992) was detected by a PCR method. 
The sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide sequences obtained from 
data bases such as GenBank, EMBL and the like will be described below. 



HD (huntington disease) : 5 ' - TCGTTCCTGTCGAGGATGAA (SEQ 
ID NO;23), 5 1 - TCACTCCGAAGCTGCCTTTC (SEQ ID NO : 2 4 ) 

IL-2 ( interleukin-2) : 5 1 - ATGTACAGGATGCAACTCCTG (SEQ ID 
NO:25), 5 1 - T C ATCTGTAAATC C AGC AGT (SEQ ID NO : 2 6) 

KIT (c-kit) : 5 1 - GATC CC ATCG CAGCTACCGC (SEQ ID NO : 2 7 ) , 
5 ' - TTCGCC6AGTAGTCGCACGG ( SEQ ID NO : 2 8 > 

FABP2 (fatty acid binding protein 2, intestinal), 5'- 
GATGAA CT AGTCCAGGTGAGTT (SEQ ID NO : 29) , 5'- 
CCTTTTGG CTTCTACTCCTTCA (SEQ ID NO : 3 0 ) 



[0125] PCR amplification was conducted with the above 11 kinds of the primers. As a result, the amplification products 
35 having expected lengths were detected with all or part of the primers in all the three clones. In the E14/#4 - 4 and 
E14/#4 - 7 clones, the deletion of partial regions was observed. The results are shown in Fig. 7. In Fig. 7, a schematic 
chromosome map based on the G bands of human chromosome #4 and the location of some markers on bands are 
shown at the left side (see Example 2). The arrangement of the genetic and polymorphic markers shows approximate 
positional relationships on the basis of the presently available information (see Example 2) and the order is not nec- 
40 essarily correct. With respect to the three kinds of the G41 8 resistant E1 4 cell clones, the markers for which the expected 
amplification products were detected are shown by ■ and the markers for which the expected amplification products 
were not detected are shown by □ . The results of the observation by FISH analysis are shown at the lower side. A9/#4 
is a chromosome donor cell. 

45 (2) Southern blot analysis (Fig. 8) 

[0126] Southern blot analysis was conducted by the same procedure as in Example 2 using human L1 sequence as 
a probe with genomic DNAs obtained from E14/#4-4 and E14/#4-7. As a result, a large number of bands hybridized 
with the human L1 sequence were detected in DNAs of both drug resistant clones. The total signal intensity correlated 

so with the degree of the deletion confirmed by the PCR analysis, as compared with that of A9/#4. In Fig. 8, 2 u.g of 
genomic DNA digested with Bglll was used in each lane. Human L1 sequence labeled with 32 P was used as a probe 
and the signals were detected with an Image Analyzer (BAS 2000. Fuji Photo Film Co., Ltd.). In Fig. 8, the lanes 
represent the following as counted from the left: 1 , A9/#4 (chromosome donor cell); 2, A9/#4+A9 (1 :2); 3, A9/#4+A9 
(1 :9); 4, A9; 5, E14/#4-7; and 6, E14/#4-4. Lanes 2 and 3 represent mixtures of two kinds of DNAs at the ratios shown 

55 in parentheses. The molecular weights of DNAs are shown at the left side. 
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(3) Fluorescence in situ hybridization (FISH) 

[0127] FISH analysis was conducted with probes specific to human chromosomes #4 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd,) by the same procedure as in Example 2. As a result, in almost all of the observed metaphase 
5 spreads of the three clones used, human chromosome #4 or partial fragments thereof were detected in the form of 
translocation to the mouse chromosome with respect to E1 4/#4-4 and in the form of an independent chromosome with 
respect to the two other clones. The relative sizes of the observed human chromosome were consistent with those 
presumed from the results of the PCR analysis. 

[01 28] The results of the above experiments demonstrate that the obtained G41 8 resistant clones retained the whole 
io human chromosome #4 or partial fragments thereof. 

Example 7 

Production of chimeric mice from the ES cells retaining human chromosome #4 fragments 

[0129] The cells in frozen stocks of the G41 8 resistant ES cell clones E14/#4-4 and E14/#4-7 which were confirmed 
to retain partial fragments of human chromosome #4 were thawed, started to culture, and injected into blastcyst stage 
embryos obtained by the same method as in Example 3; the injection rate was 10-15 cells per embryo. Two and half 
days after a foster mother [ICR or MCH(ICR)] mouse (CREA JAPAN, INC.) was subjected to a pseudopregnant treat- 
20 ment, about ten of the ES cell-injected embryos were transplanted to each side of the uterus of the foster mother. The 
results are shown in Table 2. 



Table 2. 



25 



Production of chimeric mice from the E14 cell clones retaining human chromosome #4 (fragments) 


ES cell clone/ 


G418 


Number of 


Number of 


Number of 


Contribution to coat color 


human 


resistant 


ES cell- 


offspring mice 


chimeric mice 








chromosome 


clone No. 


injected 
















blastocyst 
















stage 
















embryos 






















<10% 


10-30% 


30%< 


E14/#4 


4 


160 


8 


5 


5 








7 


80 


5 


2 


1 


1 





[0130] As a result of the transplantation of a total of 240 injected embryos, 13 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of E1 4 cell-derived pale gray coat color in the host embryo-derived 
agouti coat color (dark brown). Out of the 13 offsprings, 7 mice were recognized to have partial pale gray coat color, 
40 indicating the contribution of the E1 4 cells. The maximum contribution was about 15% in one individual derived from 
E14/#4-7. 

[0131] These results show that the mouse ES cell clones E14/#4-4 and E14/#4-7 which retain fragments of human 
chromosome #4 maintain the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

45 Example 8 

Confirmation of retention of human chromosomal DNA in the chimeric mice derived from the ES cells retaining partial 
fragments of human chromosome #4 and expression of the G418 resistance gene 

so (1) PCR analysis 

[0132] Using the chimeric mice produced in Example 7, genomic DNAs were prepared from the tails of one individual 
derived from E14/#4-7 (KS4-7-1 : about 5% chimerism) and one individual derived from E14/#4-4 (K#4-4-41 : about 5% 
chimerism) by the same procedure as in Example 4. These DNAs were used as templates to conduct PCR analysis 
55 using polymorphic marker F11 for chromosome #4 analysis (see Example 6) which was detected in E14/#4 - 7 and 
E14/#4 - 4. As a result, expected amplification products were detected in both mice. 
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(2) Southern analysis (Fig. 9) 

[0133] Southern analysis was conducted in the same manner as in Example 2 by using human L1 sequence as a 
probe with 2 u, g of the genomic DNA derived from the tail of one individual derived from E14/#4-7 (K#4-7-1 : about 5% 

s chimerism). As a result, the presence of a large number of human L1 sequence was observed and their patterns were 
similar to those of E14/#4-7. The quantitative ratio to mouse genome was about 10% of that of E14/#4-7 at maximum. 
In Fig. 9, 2 \ig of genomic DNA digested with Bglll was used in each lane. Human L1 sequence labeled with 32 p was 
used as a probe and signals were detected with Image Analyzer BAS2000 (Fuji Photo Film Co., Ltd.). The molecular 
weights of DNAs are shown at the left side. The lanes represent the following as counted from the left: 1 , K#4 - 7 - 1 ; 

10 2, blank; and3 ( E14/#4-7. 

(3) Test on the tail-derived fibroblast cells for G418 resistance 

[0134] Fibroblast cells were prepared from the tails of one individual derived from E14/#4-7 (K#4-7-1: about 5% 
is chimerism) and one individual derived from E14/#4-4 (K#4-4-41: about 5% chimerism). In the same procedure as in 
Example 4, the tail of each mouse was cut at a length of 5-10 mm and washed several times with PBS/1 mM EDTA, 
followed by notching of the tail with a knife. The outer skin layer was removed and the inner tissues were cut into fine 
pieces. The fine pieces of tissues were transferred into a tube containing 5 ml of PBS/1 mM EDTA and left to stand 
for 30 minutes to 1 hour at room temperature. Subsequently, the supernatant was removed leaving a 1 ml portion of 
20 the PBS/EDTA behind, and 1 ml of 0.25% trypsin/PBS was added. The tissues were dispersed thoroughly by tapping 
or pipetting at room temperature for 5-10 minutes. After centrif ugation at 1 ,000 rpm for 1 0 minutes, the precipitate was 
suspended in 2 ml of DMEM (10% FCS) and inoculated into a 35 mm plate. After cultivation for 7-10 days, the cells 
were treated with trypsin and about 1 0 4 cells per plate were inoculated into two 35 mm plates. G41 8 was added to the 
medium in one plate at a final concentration of 400 u.g/ml. The celts were cultured for 5-7 days and the appearance of 
25 viable cells in each plate were examined. Under these conditions, 1 00% of the wild-type ICR mouse-derived fibroblast 
cells were killed in the presence of G418. As a result, G418 resistant fibroblast cells was present in both mice. 
[0135] These results show that E14/#4 - 7 and E14/#4 - 4 contributed to various normal tissues in the mouse and 
that they retained partial fragments of human chromosome #4. 

30 Example 9 

Transfer of human chromosome #14 or fragments thereof into mouse ES cells 

[01 36] The mouse A9 cell clone retaining human chromosome #14 (hereinafter referred to as "A9/#1 4") from Example 
35 1 was used as a chromosome donor cell. Mouse ES cell line TT2 (purchased from Lifetech Oriental Co., Yagi et a!., 
Analytical Biochem., 214:70, 1993) was used as a chromosome recipient cell. The TT2 cells were cultured in accord- 
ance with the method described in Aizawa Shinichi, "Biomanual Series 8, Gene Targeting'', published by Yodosha, 
1 995 and G41 8 resistant primary culture cells (purchased from Lifetech Oriental Co.) treated with mitomycin C (Sigma) 
were used as feeder cells. The microcell fusion and the selection of G41 8 resistant clones were conducted by the same 
<o procedures as in Example 2. The frequency of the appearance of the drug resistant clones was 3-6 per 10 7 of TT2 
cells. The drug resistant clones were stored frozen and genomic DNA was prepared by the same procedures as in 

Example 2. 

45 [0137] Human chromosome #14 was fragmented by irradiating the microcells with 7-rays (Koi et al., Science, 260: 
361 , 1993). The microcells obtained from about 10 8 cells of A9/#14 were suspended in 5 ml of DMEM and irradiated 
withy -rays of 30 Gy on ice with a Gammaceli 40 (Canadian Atomic Energy Public Corporation) at 1 .2 Gy/min for 25 
minutes. The fusion of y ray-irradiated microcells and the selection of drug resistant clones were conducted by the 
same procedure as in the case of the unirradiated micorcells. As a result, the frequency of the appearance of the drug 

so resistant clones was 3 per 10 7 of TT2 cells. The drug resistant clones were frozen stored and DNA was prepared by 
the same procedure as in Example 2. 

[0138] The retention of human chromosome #14 or partial fragments thereof in the unirradiated microcell-transf erred 
G41 8 resistant clones 1-4 and 1-5, and in theG418 resistant clones 3-1 and 3-2 (a total of 4 clones) into which the y- 
ray-irradiated microcell was transferred was confirmed by the methods described in (1) and (2) below. 

55 

(1)PCR analysis (Fig. 10) 

[0139] The presence of the gene on human chromosome #14 (O'Brien, Genetic Maps, 6th edition, Book 5, Cold 
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Spring Harbor Laboratory Press, 1993) and polymorphic markers (Polymorphic STS Primer Pairs: D14S43, D14S51 , 
D14S62, D14S65, D14S66, D14S67, D14S72, D14S75, D14S78, D14S81 and PCI, BIOS Laboratories, Inc.; Nature 
359:794, 1 992; Nature Genetics, 7:22, 1 994) was detected by a PCR method using genomic DNA of the drug resistant 
clone as a template. The sequences of oligonucleotide primers for the genes prepared on the basis of nucleotide 
sequences obtained from data bases such as GenBank, EMBL and the like are described below. 
NP (nucleoside phosphorylase) : 

5 1 - ATAG AG GGTACCCACTCTGG (SEQ ID NO:31) ( 

5 ' - AACC AGGTAGGTTGATATGG (SEQ ID NO: 32) 

TCRA (T-ceN receptor alpha) : 

5" - AAGTTCCTGTG ATGTCAAGC (SEQ ID NO:33), 

5 ' - TC AT G AG C AG ATTAAA CC C G (SEQ ID NO : 34 ) 
MYH6 (myosin heavy chain cardiac) : 

5 9 - TGTG A AGGAGGACCAGGTGT (SEQ ID NO : 3 5 ) , . 

5 • - TGTAGGGGTTGACAGTGACA (SEQ ID NO : 3 6 ) 
IGA2 (immunoglobulin alpha-2 constant): 

5 1 - CTG AGAG ATGCCTCTGGTGC (SEQ ID NO:37), 

5 1 - GGCG GTTAGTGGGGT CTTCA (SEQ ID NO : 3 8 ) 
IGG1 (immunoglobulin gamma-1 constant) : 

5 1 - GGTG TCGTGGAACTCAGGCG (SEQ ID NO : 3 9 ) , 

5 1 - CTGGTGCAGGACGGTGAGGA (SEQ ID NO : 4 0 ) 
IGM (immunoglobulin mu constant) : 

5 1 -GCATCCTGACCGTGTCCGAA (SEQ ID NO : 4 1 ) , 

5 1 - GGGT C AGTAG C AGGTGCCAG (SEQ ID NO:42) 
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IGVH3 (immunoglobulin heavy variable-3 ) : 



5' - AGTGAGATAAGC AGTGGATG (SEQ ID NO : 4 3 ) , 



5 • . GTTGTGCTACTCCCATCACT (SEQ ID NO : 4 4 ) 

io [0140] PCR amplification was conducted using the genomic DNAs of the 4 drug resistant clones as templates with 
the above 1 8 kinds of the primers by the same procedure as in Example 2. As a result, expected amplification products 
were detected with all or part of the primers. In the drug resistant clones 3-1 and 3-2 obtained by using the y - ray 
irradiated microcells, a tendency for the deletion of partial regions of chromosome #14 was observed. In the case 
where the unirradiated microcells were used, deletion was observed as in the case of the 1-4 done. The results are 

is shown in Fig. 10. In Fig. 10, a schematic chromosome map based on the G bands of human chromosome #14 and 
the location of some markers on bands are shown at the left side (see Example 2). The arrangement of the genetic 
and polymorphic markers shows approximate positional relationships on the basis of the presently available information 
(see Example 2) and the order is not necessarily correct. With respect to four kinds of the G418 resistant TT2 cell 
clones, the markers for which the expected amplification products were detected are shown by ■ and the markers for 

20 which the expected amplification products were not detected are shown by □. A9/#14 is a chromosome donor cell. 
The results of Example 11 (1) are shown at the right side. 

(2) Fluorescence in situ hybridization (FISH) 

25 [0141] FISH analysis was conducted with probes specific to human chromosomes #14 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) in accordance with the method described in Matsubara et aL, "FISH Experiment Protocol", 
published by Shujunsha, 1 994. As a result, in almost ail of the observed metaphase spreads of all the 4 clones, human 
chromosome #14 or partial fragments thereof were detected in the form of an independent chromosome. The relative 
sizes of the observed human chromosome were consistent with those presumed from the results of the PCR analysis. 

30 [0142] The results of the above experiments demonstrate that the obtained G418 resistant clones 1-4, 1-5, 3-1 and 
3-2 retained the whole or partial fragments of human chromosome #14. 

Example 10 

35 Production of chimeric mice from the ES cells retaining human chromosome #14 or fragments thereof 

[0143] The cells in the frozen stocks of four G418 resistant ES cell clones (1-4, 3-1 , 3-2 and 1 -5) that were prepared 
in Example 9 and which were confirmed to retain human chromosome #14 or fragments thereof were thawed, started 
to culture and injected into embryos at the eight-cell stage obtained by mating [ICR or MCH(ICR)] male and female 
40 mice (CREA JAPAN, INC.); the injection rate was 8-10 cells per embryo. The embryos were cultured in an ES medium 
overnight to develop to blastocysts. Two and half days after a foster mother ICR mouse (CREA JAPAN, INC.) was 
subjected to a pseudopregnant treatment, about ten of the injected embryos were transplanted to each side of the 
uterus of the foster mother. The results are shown in Table 3. 



Table 3. 



Production of chimeric mice from the TT2 cell clones retaining human chromosome #14 (fragments) 


ES cell clone/ 


G418 


Number of 


Number of 


Number of 


Contribution to coat color 


human 


resistant 


ES cell- 


offspring mice 


chimeric mice 








chromosome 


clone No. 


injected8-ceit 
















stage 
















embryos 






















<20% 


20-50% 


50-80% 


TT2/#14 


1-4 


98 


20 


1 






1 




1-5 


110 


14 


2 


1 




1 




3-1 


103 


11 


2 


1 


1 
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Table 3. (continued) 



Production of chimeric mice from the TT2 cell clones retaining human chromosome #14 (fragments) 


ES cell clone/ 

human 

chromosome 


G418 
resistant 
clone No. 


Number of 
ES cell- 
injected 8 -eel I 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 




3-2 


183 


19 


3 




2 


1 



[0144] As a result of the transplantation of a total of 494 injected embryos, 64 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo- 
15 derived albino coat color. Out of the 64 produced offsprings, 8 mice were recognized to have partial agouti coat color, 
indicating the contribution of the ES cells. The maximum contribution was about 80% in one individual derived from 1 -4. 
[01 45] These results show that the G4 1 8 resistant ES cell clones (1-4,1 -5, 3-1 and 3-2) retaining human chromosome 
#14 or fragments thereof maintain the ability to produce chimera, that is. the ability to differentiate into normal tissues 
of mouse. 

20 

Example 11 

Confirmation of retention of human chromosome #14 fragment DNA in the chimeric mice derived from the ES cells 
retaining human chromosome #14 fragments 

25 

[01 46] The retention of human chromosome #14 partial fragments in the chimeric mice obtained in Example 1 0 was 
confirmed by the methods described in (1)-(3) below. 

(1) PCR analysis using DNAs derived from various tissues 

30 

[01 47] Genomic DNA was extracted from the tail of one individual derived from 3-1 (K3 - 1 - 1 : about 25% chimerism) 
by the same procedure as in Example 4. The DNA was used as a template to conduct PCR analysis using all of the 
1 4 primers for chromosome #14 analysis which were detected in 3-1 . As a result, expected amplification products were 
detected with all the 14 primers (Fig. 10). 

35 [01 48] With respect to the same individual (K3-1 -1 ), genomic DNA was obtained from the brain, kidney, spleen, heart, 
liver and thymus with a Puregene DNA Isolation Kit. For each tissue, PCR analysis was conducted with IGM primers 
(see Example 9). As a result, expected amplification products were detected in all the tissues (Fig. 11). The PCR 
products were electrophoresed on a 2% agarose gel and stained with ethidium bromide for detection. In Fig. 11 , the 
lanes represent the following as counted from the left: B, brain; K. kidney; Sp, Spleen; H, heart; L, liver; Th, thymus; 

40 pc, human fibroblast cell (HFL-1) DNA (positive control); nc, non-chimeric mouse tail DNA (negative control); and M t 
marker (Hindlll digested X DNA + Haelll digested $ X174 DNA, TAKARA SHUZO CO., LTD.). 

(2) Test on the tail-derived fibroblast cells for G418 resistance 

45 [01 49] Fibroblast cells were prepared from the tails of two individuals derived from 3-2 (K3-2-1 : about 25% chimerism, 
and K3-2-3: about 50% chimerism) and one individual derived from 1-4 (K1-4-1: about 80% chimerism). In the same 
procedure as in Example 4, the tail of each chimeric mouse of 3-6 weeks was cut at a length of 5-10 mm and washed 
several times with PBS/1 mM EDTA, followed by notching of the tail with a knife. The outer layer was removed and the 
inner tissues were cut into fine pieces. The fine pieces of tissues were transferred into a tube containing 5 ml of PBS/ 

so 1 mM EDTA and left to stand for 30 minutes to 1 hour at room temperature. Subsequently, the supernatant was removed 
leaving a 1 ml portion of the PBS/EDTA behind, and 1 ml of 0.25%trypsin/PBS was added. The tissues were dispersed 
thoroughly by tapping or pipetting at room temperature for 5-10 minutes. After centrif ugation at 1 ,000 rpm for 1 0 minutes, 
the precipitate. was suspended in 2 ml of DMEM (10% FCS) and inoculated into a 35 mm plate. After cultivation for 
7-10 days, the cells were treated with trypsin and about 104 cells per plate were inoculated into four 35 mm plates. 

55 G41 8 was added to the medium in two of the plates at a final concentration of 400 \i g/ml. The cells were cultured for 
5-7 days and the viable cells in each plate were counted. Under these conditions, 1 00% of the wild-type ICR mouse- 
derived fibroblast cells were killed in the presence of G418. Assuming the same growth rate of the G418 resistant 
fibroblast in the non-selective and selective media, the ratio of the viable cells in the selective medium to those in the 
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non-selective medium is believed to reflect the contribution in the fibroblast cell populations of the G418 resistant ES 
cell-drived fiblablast. As a result, the presence of G41 8 resistant fibroblast cells was observed in all the three Individuals 
as shown in Fig. 12. In Fig. 12, % resistance is an average of 2 pairs of the selective/non -selective 35 mm plates for 
each mouse. ICR refers to the wild-type ICR mice. 

(3) FISH analysis of the tail-derived G418 resistant fibroblast cells 

[01 50] FISH analysis of the K3-2-3 and K1 - 4 - 1 derived G41 8 resistant fibroblast cells obtained in (2) was conducted 
by the same procedure as in Example 2. Total human DNA extracted from the HFL-1 cells (Example 1) was labeled 
with FITC so that is could be used as a probe (Matsubara et al., "FISH Experimental Protocor , published by Shujunsha, 
1994). As a result, in almost ail of the observed metaphase spreads of the both individuals, partial fragments of the 
human chromosome in independent forms were observed. 

[0151] These results show that the TT2 cell clones retaining fragments of human chromosome #14 contributed to 
various normal tissues in the mouse individuals and that they retained partial fragments of human chromosome #14. 



Example 12 

Transfer of partial fragments of human chromosome #2 into ES cells 

[01 52] The mouse A9 cell W23 retaining a human chromosome #2 fragment (hereinafter referred to as M A9/#2 W23 M ) 
from Example 1 was used as a chromosome donor cell. Mouse ES cell line TT2 (see Example 9) was used as a 
chromosome recipient cell. The microcell fusion and the selection of G418 resistant clones were conducted by the 
same procedures as in Example 2. The frequency of the appearance of the drug resistant clones was 1-3 per 10 7 of 
TT2 cells. The drug resistant clones were stored frozen and genomic DNA was prepared by the same procedures as 
in Example 2, The retention of partial fragments of human chromosome #2 in drug resistant clones 5-1 , 5-2 and 5-3 
was confirmed by the methods described in (1) and (2) below. 



(1) PCR analysis 

[0153] The presence of C k and FABP1 that are the genes on human chromosome #2 (Genetic Maps, supra) and 
which were detected in the chromosome donor cell A9/#2 W23 was detected by a PCR method. 
[0154] As a result of PCR amplification using each primer, expected amplification products were detected with both 
primers in all of the 3 clones. 

(2) Fluorescence in situ hybridization (FISH) 

[0155] FISH analysis was conducted with probes specific to human chromosome #2 (CHROMOSOME PAINTING 
SYSTEM, Cambio Ltd.) by the same method as in Example 2. As a result, in almost all of the observed metaphase 
spreads of the 3 clones, partial fragments of human chromosome #2 in the form of independent chromosomes were 
detected. The sizes of the observed human chromosome were the same as those observed in A9/#2 W23. 
[0156] The results of the above experiments demonstrate that the obtained G418 resistant clones retained partial 
fragments of human chromosome #2, 



Example 13 

Production of chimeric mice from the ES cells retaining human chromosome #2 

[0157] The cells in a frozen stock of the G4 18 resistant ES cell clone 5-1 that was obtained in Example 1 2 and which 
was confirmed to retain human chromosome #2 was thawed, started to culture and Injected into 8-cell stage embryos 
obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the injection rate was 1 0-1 2 cells 
per embryo. The embryos were cultured in an ES medium (Example 9) overnight to develop to blastocysts. Two and 
half days after a foster mother ICR mouse (CREA JAPAN, INC.) was subjected to a pseudopregnant treatment, about 
ten of the injected embryos were transplanted to each side of the uterus of the foster mother. The results are shown 
in Table 4. 
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Table 4. 



Production of chimeric mice from the TT2 cell clone retaining human chromosome #2 (fragments) 


ES cell clone/ 

human 

chromosome 


G418 
resistant 
clone No. 


Number of 
ES cell- 
injected 8 cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#2 (W23) 


5-1 


264 


51 


18 


7 


5 


6 



to 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[0158] As a result of the transplantation of a total of 264 injected embryos, 51 offspring mice were bom. Chimerism 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo- 
derived albino coat color. Out of the 51 produced offsprings, 1 8 mice were recognized to have partial agouti coat color, 
indicating the contribution of the ES cells. The maximum contribution was about 80%. 

[0159] These results show that the G418 resistant ES cell clone (5-1) retaining a fragment of human chromosome 
#2 maintains the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse individual. 

Example 14 

Detection of human antibody heavy chain in sera of the human chromosome #14 transferred chimeric mice 

[0160] The concentrations of human antibody in the sera were determined by enzyme-linked immunosorbent assay 
(ELISA). The ELISA for human antibody was performed in accordance with the method described in Toyama and Ando, 
"Monoclonal Antibody Experiment Manual", published by Kodansha, 1987; Andou and Chiba, "Monoclonal Antibody 
Experiment Procedure Manual", published by Kodansha Scientific, 1991; Ishikawa, "Super High Sensitivity Enzyme 
Immuno Assay", published by Gakkai-syuppan center, 1993; Ed Harlow and David Lane, "Antibodies A Laboratory 
Manual", published by Cold Spring Harbor Laboratory, 1988 and A. Doyle and J. B. Griffiths, "Cell & Tissue Culture: 
Laboratory Procedures", published by John Wiley & Sons Ltd., 1996. In some assays, the condition of reaction were 
modified, for example, the reaction was performed at 4°C over night. Antibodies to human-immunogloblin or antigen 
were diluted to about 0.5-10 u.g/ml (100-5000 fold) and ELISA plates were coated with these solutions. PBS supple- 
mented with 5% mouse serum (Sigma, M5905) was used for blocking and dilution of the samples and labeled antibod- 
ies. PBS was used for 20-fold dilution of the chimeric mouse sera. After washed, the coated plate was blocked over 1 
hour. After plate was washed, sample was added and incubated over a half hour. After washed, Enzyme labeled anti- 
human immunogloblin antibodies diluted 1 00-5000 folds were added to the plates and incubated over 1 hour, the plate 
was washed and then substrate was added. In some assays, the same procedure was applied except that a biotin- 
labeled antibody was used. After plate was washed, avldin-enzyme complex was added. After plate was washed, 
substrate was added. Absorbances were measured with a microplate reader (Bio-tek instrument, EL312e). The chi- 
meric mice (Example 10, K3-1-2, K3-2-2 and K3-2-3) which were 29-35 days old were bled and assayed by ELISA. 
Anti-human IgM mouse monoclonal antibody (Sigma, I6385) was diluted with 50 mM carbonate - bicartonate buffer 
(pH 9.6) and absorbed to the 96-well microtiter plates. The serum samples diluted with mouse serum (Sigma, M5905) 
supplemented PBS were added to the plates. Subsequently, peroxidase-labeled anti-human IgM goat antibody (Tago, 
2392) was added and the plates were incubated. After ABTS substrate (Kirkegaard & Perry Laboratories Inc., 506200) 
was added, enzyme activity was determined by absorbance measurement at 405 nm. Purified human IgM antibody 
(CAPEL, 6001 -1590) and IgG (Sigma, I4506) were used as standards. The standards were diluted stepwise with mouse 
serum-supplemented PBS. In the determination of human IgG concentration, anti-human IgG goat antibody (Sigma, 
I3382) was absorbed to the plate and the human IgG was detected with peroxidase-labeled anti-human IgG goat 
antibody (Sigma, A0170). The results are shown in Table 5. Both human IgM and IgG were detected. 

Table 5. 



Concentrations of Human Antibodies in Chimeric Mouse Sera (ELISA) 


Chimeric Mouse (mg/l) 


IgG (mg/l) 


IgM 


K3-1-2 
K3-2-2 


0.37 
0.33 


3,7 
5.9 
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Table 5. (continued) 



Concentrations of Human Antibodies in Chimeric Mouse Sera (ELISA) 


Chimeric Mouse (mg/l) 


IgG (mg/l) 


IgM 


K3-2-3 


0.51 


3.4 



[0161] Two milliliters of human serum albumin (HSA, Sigma, A3782) dissolved in PBS was mixed with adjuvant 
(MPL+TDM Emulsion, RIBI Immunochem Research Inc.) to prepare an antigen solution at a concentration of 0.25 mg/ 
ml. The chimeric mice retaining human chromosome #14 fragment (Example 10, K3-1-1 and K3-2-1) were immunized 
with 0.2 ml of the antigen solution 3 times at days 27, 34 and 41 after birth. The chimeric mouse sera were assayed 
by ELISA. The results are shown in Figs. 13 and 14. The human antibody concentration in the sera of the HSA-immu- 
'nized chimeric mice was increased after the immunization. In the K3 - 1 - 1 mouse, 18 u. g/ml of human IgM and 2.6 
H g/ml of IgG were detected in the serum at day 1 7 after the immunization. In the serum of the control ICR mouse, the 
human antibody titer was not significant. 

Example 15 

Production of human antibody heavy chain-producing hybridomas from the human chromosome #14 transferred 
chimeric mouse 

[0162] The spleen was removed from the human albumin-immunized chimeric mouse (K3-1 -1 , Example 14) at day 
44 after birth. The spleen cell was fused with a myeloma cell to produce a hybridoma. The hybridoma was produced 
using a myeloma cell P3X63Ag8.653 (DAINIPPON PHARMACEUTICAL CO., LTD., 05-565) by the method described 
in Ando and Chiba, "Monoclonal Antibody Experimental Procedure Manual", published by Kodansha Scientific, 1991 . 
The hybridomas were inoculated into ten 96-well plates and cultured tor 1 week. The culture supernatant was analyzed 
by ELISA. The ELISA procedure was conducted by using anti-human IgM mouse monoclonal antibody (Sigma, 16385) 
immobilized on ELISA plate in the same manner as in Example 1 4 to give 6 positive clones. HSA (antigen) was dissolved 
in 50 mM carbonate-bicarbonate buffer (pH 9.6) at a concentration of 5 u.g/ml and the antigen solution was dispensed 
in 100 uJ portions into all the wells of the ELISA plates. After the addition of the supernqtant, peroxidase-labeled anti- 
human IgA + IgG + IgM goat antibodies (Kierkegaard & Perry Laboratories Inc., 04-10-1 7) were used for detection of 
HSA-specific human antibody. One positive clone was confirmed in the ten plates. This clone was one of the 6 human 
IgM positive clones. The clone (H4B7) was further cultured and the culture supernatant was diluted, followed by ELISA 
analysis using HSA as an antigen with peroxidase-labeled anti-human IgM goat antibody (Tago, 2392) in the same 
manner as described above. As a result, the absorbance decreased with the increase in the dilution of the culture 
solution. Serial twofold dilutions of 2 u.g/ml human IgM (CAPEL, 6001-1590) showed low absorbance regardless of 
dilution ratios. This suggests that the antibody produced by hybridoma H4B7 had a specificity to HSA (Fig. 15). In Fig. 
15, the dilution of the culture supernatant samples is plotted on the horizontal axis and the absorbance at 405 nm is 
plotted on the vertical axis. 

Example 16 

Re-marking of the G418 resistance-marked human chromosome #2 fragment with puromycin resistance 

[0163] The A9 cells retaining the G418 resistance-marked human chromosome #2 fragment (W23) (see Example 
1 , Fig. 1) were cultured in a G418 (800 u,g/ml) containing selective medium (10% FBS, DM EM) in a 100 mm plate. 
Plasmid pPGKPuro (provided by Dr. Peter W. Laird (WHITEHEAD INSTITUTE)) containing puromycin resistance gene 
was linearized with restriction enzyme Sail (TAKARA SHU20 CO., LTD.) before transfection. The cells were treated 
with trypsin and suspended in Dulbecco's phosphate buffered saline (PBS) at a concentration of 5 x 106 cells/ml, 
followed by electroporation using a Gene Pulser (Bio-Rad Laboratories, Inc.) in the presence of 10 u>g of DNA in the 
same manner as in Example 1 . A voltage of 1 000 V was applied at a capacitance of 25 u,F with an Electroporation Cell 
of 4 mm in length (Example 1) at room temperature. The electrop orated cells were inoculated into media in 3-6 plates 
of 1 00 mm<(> . After one day, the medium was replaced with a double-selective medium containing 1 0 \xg/m\ of puromycin 
(Sigma, P-7255) and 800 pg/ml of G41 8. The colonies formed after 2-3 weeks were collected in groups each consisting 
of about 200 colonies. The cells of each of the three groups were cultured in two or three 25 cm2 flasks to form 
microcells. The mouse A9 cells were cultured in a 25 cm 2 flask and fused with the microcells by the same procedure 
as in Example 1 . The fused cells were transferred into two 1 00 mm plates and cultured in the double-selective medium 
containing G418 and puromycin. One of the three groups gave two double-drug resistant clones. In these clones, it 
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was most likely that puromycin resistance marker had been introduced into human chromosome #2 fragment. 
Example 1 7 

5 Duplication of transferred human chromosome in the human chromosome transferred ES ceils 

[0164] The ES cell clone retaining the G418 resistance marked human chromosome #14 fragment (E14/#14 - 36) 
was cultured in a medium containing G418 at a high concentration to give ES cell clones in which the human chromo- 
some was duplicated { "Biomanual Series 8, Gene Targeting", published by Yodosha, 1995). G418 resistant mouse 

10 primary cells (purchased from Lifetech Oriental) were inoculated into a 1 00 mm plate without treating with mitomycin 
C and used as feeder cells. The E14/#14-36 cells were inoculated into the 100 mm plate and after half a day, the 
medium was replaced with a medium containing G41 8 at a concentration of 1 6 mg/ml. The medium was replaced every 
1 -2 days. The G41 8 concentration was changed to 1 0 mg/ml one week later and the cultivation was continued. Among 
the colonies formed, 15 were picked up and cultured, followed by FISH analysis of chromosome using human chro- 

15 mosome #14 specific probes (see Example 9). As a result, human chromosome #14 fragment was found to have 
duplicated in the 8 clones. 

Example 18 

20 Preparation of Mouse ES cells retaining both human chromosome #2 partial fragments and human chromosome #14 
partial fragments. 

[01 65] In a microcell transfer experiment using the double-drug resistant clone PG-1 from Example 1 6 as a microcell 
donor cell and a wild-type A9 cell as a recipient cell, it was confirmed that the human chromosome #2 partial fragment 

25 retained in PG - 1 was marked with a puromycin resistance gene. The preparation of microcells and the fusion with 
the A9 cells was carried out by the same methods as in Example 1 . As a result, 10 days after the microcell fusion, a 
total of fifty nine G41 8 resistant colonies appeared. After the medium for these colonies was changed to one containing 
8 ng/ml puromycin, the colonies were cultured for 3 days to give 45 viable colonies (76%). In many cases of microcell 
fusion, only one or few chromosomes are transferred into a recipient cell. Hence, cotransfer of both the resistance 

30 genes' at a high frequency shows that the G418 resistance-labeled chromosome #2 partial fragment retained in the 
PG1 clone was also marked with the puromycin resistance gene. In addition, for the detection of the respective marker 
genes on the human chromosome #2 partial fragment, FISH analysis was conducted by using pSTneoB (see Example 
1 ) as a probe in the case of the A9/#2 W23 clone having only G41 8 resistance (see Example 1 6) and by using pPGKPuro 
(see Example 1 6) as a probe in the case of the PG1 clone in accordance with the method described in Matsubara et 

35 al., "FISH Experiment Protocol", published by Shujunsha, 1994. As a result, in the case of the A9/#2 W23 clone, one 
signal was observed in each of the sister chromatids of the human chromosome #2 partial fragment observed in Ex- 
ample 12 (2 signals in total). This indicated the insertion of pSTneoB into the human chromosome #2 partial fragment 
at one site. In the case of the PG1 clone, a total of 4 signals were observed on a chromosome fragment of the same 
size as in A9/#2 W23. Since pSTneoB and pPGKPuro had identical sequences in their vector portions, the pSTneoB 

40 could be detected by the pPGKPuro probe. Hence, it is believed that out of the four signals observed in the PG1 clone, 
two were from the pSTneoB and the other two were from the pPGKPuro. These results show that the human chromo- 
some #2 partial fragment retained in the PG1 was marked with both the G418 and puromycin resistances. 
[0166] The PG1 cell clone was used as a chromosome donor cell to prepare a mouse ES cell retaining both a human 
chromosome #2 partial fragment and a human chromosome #14 partial fragment. The G418 resistant TT2 cell done 

45 1-4 already retaining the human chromosome #14 partial fragment (see Example 9) was used as a chromosome re- 
cipient cell. The microcell fusion and the selection of puromycin resistant cells were carried out by the same methods 
as in the selection of the G41 8 resistant clones in Example 9 except that the concentration of puromycin was 0.75 \xg/ 
ml. The frequency of the appearance of the resulting puromycin resistant clones was 3-7 per 10 7 of 1-4 cells. The 
presence of G41 8 resistance in these puromycin resistant clones was confirmed from the fact that they were grown in 

so the presence of 300 ng/ml of G418. The double-drug resistant clones were stored frozen and genomic DNA was 
prepared by the same methods as in Example 2. The retention of the human chromosome #2 partial fragment and 
human chromosome #14 partial fragment was confirmed by the method described in (1) in the case of double-drug 
resistant clones PG5, PG15 and PG16 and by the method described in (2) in the case of the clone PG15. 

55 (1) PCR analysis 

[0167] Genomic DNAs of the double-drug resistant clones were used as templates in the PCR amplifications. Among 
the markers on human chromosomes #2 and #14 (Genetic Maps, supra), the primers whose presence in the A9/#2 
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10 



15 



20 



25 



W23clonewasconfirmedinExample12and^ 

9 were used. All the primers gave expected amplification products In all the three clones. 
(2) Fluorescence In situ hybridization (FISH) 

roiMl FISH analysis was conducted by using FITC-labeled human total DNA as a probe in the same manner as .in 

same size as that of the partial fragment detected by usmg the hum* < SjEhJ^ was derived 
S^^i^ derled'.rom the human, which are believed to correspond to the human chromosome #14 and 

SST-S^"«- sh - that the obiained doub,e - dru9 resislant ES clones retained b0,h the human chromosome 

#2 partial fragment and the human chromosome # 1 4 partial fragment. 
Example 19 

Production of chimeric mice from the mouse ES cel. clones retaining both human chromosome #2 partial fragments 
and human chromosome #14 partial fragments 

roiTOl The cells in frozen stocks of the G418 and puromycin double-resistant TT2 cell clones PG5, PG15 and I PG1 6 
1 In^ i ch were confirmed to retain human chromosome #2 partial fragments and human chromosome 

a foster mother ICR mouse was subjected to a pseudopregnant treatment, about en of the injected ry 
transptemed to each side of the uterus of the foster mother. The results are shown in Table 6. 



30 



35 



40 



45 



Production of chimeric mice from the mouse ES cell clones reta.n.ng both human chror 

and human chromosome #14 partial fragments 


nosome #2 partial fragments 


ES cell clone/ 

human 

chromosome 


Double-drug 

resistantclone 

No. 


Number of 
ES cell- 
injected8-cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


< 10% 


10-50% 


50%< 


TT2/ 

#14+#2 . 


PG5 

PG15 

PG16 


160 
168 
223 


26 
15 
32 


8 

3 

12 


7 
1 
3 


1 
2 
6 


3 



50 



roiTll As a result of the transplantation of a total of 551 injected embryos, 73 offspring mice were bom. Chlrwrtem 

Iragments and human chromosome #14 partial fragments maintain the abil.ty to produce chimera, that », the ab.lity 
to differentiate into normal tissues of mouse. 
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Example 20 

Detection of human antibody in sera of the chimeric mice derived from the ES cells retaining both human chromosome 
#2 partial fragments and human chromosome #14 partial fragments 

5 

[0173] The two KPG-15 (9 weeks old; derived from the PG-5 clone, 10% chimerism) and KPG-1B (5 weeks old; 
derived from the PG-5 clone, 1 0% chimerism) chimeric mice from Example 1 9 were immunized with 0.2 ml of a solution 
of human serum albumin (HSA, Sigma, A3782) and adjuvant (MPL+TDM Emulsion, RIBI Immunochem Research Inc.) 
at a HSA concentration of 0.25 mg/mi. The chimeric mice were bled just before the immunization and 8 days after that 
10 and the concentrations of human antibody u, and k chains in the sera were determined by ELISA (see Example 14). 
Ninety six-well microtiter plates were coated with anti-human antibody k chain goat antibody (VECTOR LABORATO- 
RIES INC., AI-3060) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) and then a serum sample diluted with 
mouse serum (Sigma, M5905) - containing PBS was added. Subsequently, biotin-labeled anti-human antibody k chain 
goat antibody (VECTOR LABORATORIES INC., BA-3060) was added to the plates and incubated. A complex of bi- 
ts otinylated horseradish peroxidase and avidin DH (VECTOR LABORATORIES, INC., Vectastain ABC Kit, PK4000) was 
added and incubated. After S.S'.S.S'-tetramethylbenzidine (TMBZ, Sumitomo Bakelite, ML-1120T) was added as a 
peroxidase substrate, enzyme activity was determined by absorbance measurement at 450 nm. Purified human IgG 
antibody having k chain (Sigma, I-3889) was used as standard. The standard was diluted stepwise with mouse serum- 
supplemented PBS. In the case of u. chain, 96-well microtiter plates were coated with anti-human antibody \l chain 
20 mouse monoclonal antibody (Sigma, I-63B5) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) and then a 
serum sample was added. Subsequently, peroxidase-labeled anti-human antibody \i chain mouse antibody (The Bind- 
ing Site Limited, MP00B) was added to the plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was 
added, enzyme activity was determined by absorbance measurement at 450 nm. Purified human IgM antibody having 
ji chain (CAPPEL, 6001-1590) was used as standard. The standard was diluted stepwise with mouse serum-supple- 
25 mented PBS. As a result, both the human antibody \i and k chains were detected in both individuals. The concentrations 
of these human antibodies in the sera increased after the immunization (Tables 7 and 8). 



Table 7. 



Concentrations of Human Antibodies in Chimeric Mouse KPG15 (ELISA) 




igM (mg/l) 


IgK (mg/l) 


Before Immunization 

8 Days After Immunization 


0.19 
0.75 


1.6 
1.7 


Table 8. 


Concentrations of Human Antibodies in Chimeric Mouse KPG18 (ELISA) 




IgM (mg/l) 


lg k (mg/l) 


Before Immunization 

8 Days After Immunization 


0.29 
3.4 


0.57 
0.87 



[0174] These results show that human antibody heavy and light chain genes can function in the chimeric mice derived 
from the ES cells retaining both human chromosome #2 partial fragments and human chromosome #14 partial frag- 
ments. 

Example 21 

Detection of anti-HSA human antibody y chain in sera of the human chromosome #14 fragments transferred chimeric 
mice 

[0175] The chimeric mice retaining human chromosome #14 fragments which were produced by the same method 
as in Example 10 (K9 and K11: both were derived from the TT2 cell clone 3-2, -with chimerisms of 50% and 30%, 
respectively) were immunized with HSA either 4 times at days 79, 93, 1 07 and 1 33 after birth (K9) or 3 times at days 
74, 88 and 111 after birth (K11) by the same method as in Example 20. Antibodies including human y chain against 
human serum albumin in the sera of the chimeric mice were detected by ELISA. Ninety six-well microtiter plates were 
coated with HSA (Sigma, A 3782) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) and then a sample diluted 
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with PBS was added. Subsequently, peroxidase-labeled anti-human IgG mouse antibody (Pharmingen, 08007E) was 
^ddedl the pfates and incubWAtter O-phenylenediamine (OPD, Sumitomo Bake.ite ML-11300 , was ad ed as a 
peroxidase substrate, enzyme acthvity was determined by absorbance measurement at 490 nm. The titer of the ant.- 
HsTian IgG n the sera of the chimeric mice immunized with HSA increased after the immunization On the other 
hand corrtroMCR mouse gave a background level of the anti-HSA human IgG titer after the .mmun.zat.on with HSA 
Tne" esutts ar^ .shown in Fig. 1 7. In Fig. 17, the number of days after the first immunization of the ch.menc mice with 
^TS^on^- hiuL. axis and the absorbance at 490 nm is p.otted on the vertical a*. These results show 
tha^he amfbooV titer of the antigen specific human IgG was increased by stimu.ation with the HSA ant,gen m the 
chimeric mice retaining human chromosome #14 fragments. 

Example 22 

Detection of human antibody X chain in a serum of the human chromosome #22 fragment transferred chimeric mouse 

f0176] The chimeric mouse K22-7 from Example 3 (9 weeks old; 1 0% chimerism) was bled and human antibody X 
chain n the serum was detected by ELISA (see Example 14). Ninety six-well microliter plates were coated with ant.- 
huTan antibody X chain goat antibody (VECTOR LABORATORIES INC., AI-3070) diluted with 50 mM carbonate- 
SicTonate SeV (pH 9.6) and then a serum sample was added. Subsequently, blotin-labeled ant.-human ant.body 
X chl qoat antibody (VECTOR LABORATORIES INC., BA-3070) was added to the plates and incubated^ complex 
oV^bSL^^ Peroxidase and avidin DH (VECTOR LABORATORIES, INC., Vectasta.n ABC Kit) was 
added and incubated. After TMBZ (Sumitomo Bakelrte, ML-1120T) was added as a peroxidase substrate, enzyme 
acSv J was determined by absorbance measurement at 450 nm. PurKied human IgG antibody having , X cha.n (Sigma. 
M014) was used as standard. The standard was diluted stepwise with mouse serum-supplemented PBS As a result, 
human antibody X chain was detected in the chimeric mouse at a concentration corresponding to 1 80 ng/ml of human 
IgG. These results show that human antibody X chain gene can function in the chimeric mouse retain.ng a human 
chromosome #22 fragment. 

Example 23 

Detection of human antibody k chain in sera of the human chromosome #2 fragment transferred chimeric mice 

r0177l The chimeric mouse K2-8 from Example 1 3 (5 weeks old; 70% chimerism) and the chimeric mice K2-3 K2-4 
and K2-12 from Example 13 (9 weeks old; chimerisms was 50%, 20% and 80%. respect.vely) were bled and human 
antibody k chain in the sera was detected by ELISA (see Example 14). Ninety six-well microtiter plates were coated 
w rant^uman antibody k chain goat antibody (VECTOR LABORATORIES INC., Al - 3060) diluted with 50 mM car- 
bona" Senate buffer (pH 9.6) and then a serum sample was added. Subsequently, biotm-.abe.ed ant,-human 
antibodV K chain goat antibody (VECTOR LABORATORIES INC., BA-3060) was added to the plates and mcubate* 
A complex of biot'ylated horsVradish peroxidase and avidin DH (VECTOR LABORATORIES, INC Vectasta.n ABC 
Kit) was added and incubated. After TMBZ (Sumitomo Bakelite, ML-1 1 20T) was added, enzyme ac rv.ty was determined 
bv abso*ance measurement at 450 nm. Purified human IgG antibody having k chain (Sigma. I-3889) was used as 
standard T^e standard was diluted stepwise with mouse serum-supplemented PBS. The results are shown .n Table 9. 

Table 9. 



Concentration of Human Antibody k Chain in Chimeric Mouse (ELISA) 


Chimeric Mouse 


lg K (mg/l) 


K2-3 


124 


K2 -4 


85 


K2 -8 


25 


K2-12 


56 



T01781 The chimeric mice K2-3 and K2-4 retaining human chromosome #2 fragments from Example 13 were immu- 
nized with HSA, 3 times at days 66, 80 and 102 afterbirth by the same method as in Example 20.The ch.menc mouse 
K2-12 was immunized with HSA, 4 times at days 63, 77, 91 and 116 after birth by the same method as in Example 20. 
Human antibody k chain against HSA in the sera of the chimeric mice was detected by ELISA (see Example 1 ^N.nety 
sixTel. microtiter plates were coated with HSA (Sigma, A 3782) diluted with 50 mM carbonate-bicarbonate bufler (pH 
9.6) and then a sample was added. Subsequently, biotin-labeled anti-human antibody k chain goat antibody (VECTOR 
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LABORATORIES INC., BA - 3060) was added to the plates and incubated. A complex of biotinylated horseradish 
otoxidtJe and avidin DH (VECTOR LABORATORIES. INC., Vectastain ABC Kit) was added and incubated After 
OPD Sumitomo Bakelite, ML-11300) was added as a peroxidase substrate, enzyme activity was determined by at, 
^rban^^^ 

r S ATuman K Chain titer after the Immunization. The results are shown in Fig. 18. In Fig. 18, the number ot days after 
Z iTZ*£ ion of the chimeric mice with HSA is plotted on the horizontal axis and the absorbance at 400 nm. 
plottel onThe vertical axis. These results show that human antibody k chain gene can function m he chimer* mice 
Snghumanchromosome#2fragments and that the antibody titer of the antigen specific human Ig k was .ncreased 
io by stimulation with the HSA antigen in the chimeric mice. 

Example 24 

Preparation of human antibody heavy chain (u chain or 7 chain)-producing hybridomas from the human chromosome 
is #14 transferred chimeric mouse 

F0179] The spleen was removed from the HSA-immunized chimeric mouse K9 (see Example 21 ) at da> r 1« -after 
LTa spfcen cell was fused with a myeloma cell to produce a hybridoma. The hybndoma was produced using a 
^^^-2/0^14 (Dainippon Pharmaceutical Co.. Ltd., 05-554) by the method descnbed in Toyama and 
Z T M ™cZ™Z*E*pZ e « Procedure Manual", published by Kodansha Sc ientific ■ 1™ ■ TI- «* J -re 
Inocuiaied into a medium containing 10% ORIGEN Hybridoma Cloning Factor (HCF, Bokusui Brown) n .eight 96-well 
Zes and ©418 was added after 3 days at a concentration of 1 mg/ml, followed by cultivation for 1-3 weeks. The 
clre suD^natem was analyzed by ELISA. Ninety six-well microliter plates were coated with anti-human u chain 
mt mTocTonlnSody (Sigma, y ,-6385) diluted wtt 50 mM carbonate-bicarbonate >^ 8 *^^ 
fluted with PBS was added. Subsequently, peroxidase-labeled anti-human u chain mouse antibody (The Binding Srte 
LIMITED M POO 8) was added to the piates and incubated. 2,2'-Azino-di- (3-eth y i-benzoth,azol,ne-6-su.fonate) d.am- 
monium salt (ABTS Kirkegaard & Perry Laboratories Inc., 04-10-17) was used as a substrate to detect seven posrtive 
don s In Sdon o? 7 chain-producing clones, 96-weli microliter plates were coated with 
mouse mon^onal antibody (Sigma, 1-6260) and a sample diluted with PBS was adde d Subsequently 
Sbefed^nti-human T chain mouse antibody (Pharmingen. 08007E) was added to the plates and incubated. ABTS 
(Segaard & Peny Laboratories Inc.. 04-10-17) was used as a substrate and two human ant.body y cha.n-po Sl t,ve 
clones were obtained. 
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Example 25 

Preparation of human antibody light chain-producing hybridomas from the human chromosome #2 transferred chimeric 



mouse 



[01801 The spleen was removed from the HSA-immunized chimeric mouse K2-3 (see Example 23) at day 105 after 
birth A spleen cell was fused with a mye.oma cell to produce a hybridoma. The hybndoma was produced using a 
myeloma eel! P3X63Ag8.653 (Dainippon Pharmaceutical Co.. Ltd.. 05-565) by the method descnbed .n Toyama and 
Zo "Zol" a A n Ldy Experiment Procedure Manual", published by Kodansha Scientific. 1 99"L The ce U .were 
fnocuiate^ nto a medium containing 1 0% HCF (Bokusui Brown) in ten 96-we.l plates and G41 8 was added 
Tt a coSmration of 1 mg/ml, followed by cultivation for 1-3 weeks. The culture supernatant was assayed by ELISA. 
te EL^A analysis was conducted by the same method as in Example 23 and two human anybody k cham-positrve 
clones were obtained. 

Example 26 

Re-marWng of the G418 resistance-marked human chromosome #22 with puromycin resistance 

r0181l The A9 cells retaining the G418 resistance-marked human chromosome #22 (A9/#22 y 2) from Example 1 
lere reid wrth puromycin resistance by the same method as in Example 1 6. About 200 colonies of double-d ug 
TesStanTclones obtaLd by electroporation of the y 2 cells with pPGKPuro were collected as one group and three 
uch qlps (P1 P2 and P3) were used as donor cells to perform microce.l transfer into wild-type mouse A9 cel.s^s 
a resu 6 1 and 3 of double-drug resistant clones were obtained from the groups PI . P2 and P3 -spect^ The 
clone 6 1 from group P3 was used as a microcell donor cel. and a wild-type A9 cell as a recipient * Pertom a 
mteroce t anker experiment (see Example 1 8). As a resuK. the human chromosome #22 was confirmed to have been 
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10 



15 



20 



25 



, urth er marked with a puromycin resign c e ^^^^^^^^ ^ 
conduced by . h e == - Z ^Ple •£ - « ^to one containing 8 , purornyci, 
after the m.crocell transfer After J^™ 0 5%) viable colonies . ln man y cases of microcell fusion, only one 
these colonies were cultured to 3 days to give zi u&/o> v.ac e resistance genes at a high 

or few chromosomes are transferred into M clone was marked with the 

frequency shows that the G418 resistance-labeled chromosome #22 retaineo in 
puromycln resistance gene. 

Example 27 

PreparationandSequencingofcDNAofahumanantibodyheavychainvariableregionfromthehuman antibody heavy 

chain-producing hybridoma 

specifc] and H8F9 (non-spedic) l* 0 "^™"?*™^^^^ conduced ith . Re.dyTo- 
SoOB, (Nippon ^^^-^rJX^-S^^"^*^ 

amplify a human antibody heavy chain variable region. 

CM1 (human IgM constant region) :5'- 
TTGTATTTCCAGGAGAAAGTG (SEQ ID NO:45) 

CM2 (ditto) : S'-GGAGACGAGGGGGAAAAGGG (SEQIDNO:46> 

30 HS1 (human heavy chain variable region) :5«- 

ATGGACTGGACCTGG AGG (AG) TC (CT) TCT(GT) C (SEQ IP KO-.47) (a 
mixture of 8 sequences) 

35 

HS2 (ditto) : 5 • - 

ATGGAG (CT) TTGGGCTGA (GC) CTGG (GC) TTT (CT) T (SEQ ID HO : 4 8 ) 

40 

(a mixture ol 16 sequences) 

45 HS3 (ditto) : 5 1 - 

ATG (AG ) A ( AC ) (AC) < AT ) ACT < GT ) TG ( GT ) (AT) (GCT)C(AT) (CT) (GC 

)CT(CT)CTG (SEQ ID NO : 4 9 ) (a mixture of 6144 

50 

sequences) 
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The amplification products were electrophoresed on a 1 .5% agarose gel and detected by staining wrth ethidium bro- 
mide As a Ssult an amplification product of about 490 bp was detected with the HS3xCM2 primer in the case of the 
HWri oma. fn the case of the H8F9 hybridoma, a slight band was detected at the same site with t e HS3xCM2 
pimer -The band in the case of H8F9 was ampiified again with the HS3xCM2 primer in 30 cycles under the same 
, P empe'ra^e conditions as above. As a result, the amplification product was detected as a very ^^'nLthod 
PCroroducts were cloned into a pBlueScriptll SK + (Stratagene Ltd.) at a Smal site in accordance wrth the method 
SKihT* "Gene Expression Experiment Manuar, published by Kodansha Scientific. 1 995^Among the 
Sicatton prcduct-inserted p.asmids, plasmids #2, f 3, #4(H4B7), #11 , #13 and #14 (H8F9) were selected an I he 
ZSe sequences of the amplification products were determined with a Fluorescence Autosequencer (Apphed 
&osyst ems I nc ) As a resuft of the comparison of the obtained nucleotide sequences or deduced amino acid sequences 
wS s^o kn wn human antibody VH region (Marks et a.., Eur. J. Immunol. 21 , 985, 1 991) and JH ^<*««* 
et at Cell 27 583-. 1981). It was revealed that both the H4B7 and H8F9 hybridomas conta.ned a combinat.on o 
genes for VH4 family and JH2. These results show that the chimeric mouse retaining human chromosome 014 partial 
fragment produced a complete functional human antibody heavy chain protein. 

Example 28 

Preparation and Sequencing of cDNA of human antibody k chain from the spleen of the human antibody k chain- 
expressing chimeric mouse 

roi841 In the same manner as in Example 5, cDNA was prepared from the spleen of the chimeric mouse KM i from 
Example 13 wh* ^as confirmed to express human antibody k chain in Example 23. Using 
the Sw ng Primers prepared with reference to Larrick et al.. BIO/TECHNOLOGY, 7, 934-. 1989; Whitehurst et al 
Nuc.ec Add* STs., 20, 4929-. 1 992. PC Ft was performed to amplify human antibody k chain vanable region. cDNA 
IShV!£ot£ chimeric mouse K2-8 and cDNA from the sp.een of the chimeric mouse K3-2-2 derfced from the 
TT2/#14 3-2 clone (see Example 10) were used as negative controls. 

KC2 (human Ig * chain constant region) : 5'- 
CAGAGGCAGTTCC AGATTTC (SEQ ID NO: 50) 

KC3 (ditto) : 5 1 - TGGGATAGAAGTTATTCAGC (SEQ ID NO:51) 
KVMIX (human Ig < chain variable region) : 5'- 
ATGG AC ATG ( AG ) (AG) (AG) (AGT) (CT)CC(ACT) (ACG)G(CT) (GT)CA< 
CG)CTT (SEQ ID NO:52) (a mixture of 3456 sequences) 
• m moan* that anv one of the bases therein should be selected. 

roiaS PCR was peSon^ed by using primer combinations of KVMIXxKC2 and KVMIXxKCS in 40 cycles at 94 -C for 
5 !e onds 5^C for ^seconds and 72'C for 20 seconds with a Thermal Cycler 9600 (Pe*in-Elmer Co*.). The 
' amScattn products were e.ectrophoresed on a 1 .5% agarose gel and detected by staining with ethidium brom.de. 
A Ta Srexpected amplication products of about 420 bp (KC2) and about 450 bp (KC3) were detected. In the case 
JftheTo negative controls, no specific amplification product was detected. These amplification P^«»*«£ 
a oBlueScriptll SK + (Stratagene Ltd.) at a Smal or EcoRI site In accordance with the method descnbed n Ishida 
Lt al !££3*«Z Experiment Nlanuei", published by Kodansha Scientific. 1995. Among the amp.Hteat.on prod- 
ct inserted plasmids. VK-#1 clone derived from the KVMIXXKC2 primers was selected and the nucleotide sequence 
of the ^Station product was determined with a Fluorescence Autosequencer (Applied Biosystems Inc.). Since the 
ob afned nudeo L sequence did not contain a termination codon at any site between an inflation codon and a constan 
Son of human lg K Lin, the cloned amplification products are believed to encode a variable region of functional 
human'q K chain As a result of the comparison of the obtained nucleotide sequences with those of known human 
SZd! V k egion (Klein et al.. Eur. J. Immunol. 23. 3248-. 1993) and J k region (Whitehurst et a supra) ,t was 
revealed tM the VK-#1 clone contained a combination of genes for Vk3 family and Jk4. These results show that the 
Smeric I retaining human chromosome #2 partial fragment produced a complete funcfona. human ant.bod y k 
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chain protein. 
Example 29 

Detection and quantitation of human antibody Y chain subclasses and u chain in sera of the chimeric mice retaining 
human chromosome #14 fragment 

[0186] The chimeric mice K15A and K16A trom Example 10 (derived from the 1-4 clone, with chimerisrr, ' <J70% 
50% respectively) of 1 1 weeks after birth were bled and human antibody y chain subclasses and u cham m the sera 
were detected by the same ELISA method as in Example 14. 

Quantatlve Determination of human lgG1 

[0187] Ninety six-wel. microti.er plates were coated wfth anti-human igG antibody ^'i^^^r^; 
A serum sample was added. Subsequently, peroxidase-labeled anti-human lgG1 anybody (Pharmmgen. 08027E) was 
addedTo thTplates and incubated. After TMBZ (Sumftomo BakelKe, ML-1120T) was added enzyme 

The standard was diluted stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human lgG2 

roi88] Ninety six-well microliter plates were coated with anti-human lgG2 antibody (Sigma 1-951 3) diluted with PBS^ 
As!! sample was added. Subsequently, peroxidase-labeled anti-human IgG antibody (S.gma A-^0170) , ,asadde 
fo the Ites and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was added, enzyme actrvrty was detemn.ned 
by absomance measurement at 450 ran. Purified human lgG2 antibody (Sigma, 1-4139) was used as standard. The 

standard was diluted stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human lgG3 

r0189] Anti-humanlgG3antibody(Sigma,l-7260)wasdilutedwith100m 

or 5 minutes at room temperature, followed by 10-fold dilution with 100 mM phosphate buffer (pH 7.0) 
Ninetv lix well microtiter ptates were coated with the anti-human lgG3 antibody solution. A serum sample was added. 
Subsequent? peroxidase-labeled anti-human IgG antibody (Pharmingen. 08007E) was added to the plates and 
S After TMBZ (Sumitomo Bakelite, ML-11 20T) was added, enzyme activity was determmed by absorbance mea* 
dement at 450 nm Purified human lgG3 antibody (Sigma, 1-4389) was used as standard. The standard was driuted 
stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human lgG4 

[0190] Anti-human lgG4 antibody (Sigma^^ 

or 5 minutes at room temperature, followed by 1 0-fold dilution with 1 00 mM phosphate buffer (pH 7.0) 
Nineteen microtiter pLtes were coated with the anti-human lgG3 antibody solution. A serum sample was added. 
8 bsequen^ peroxidase-labeled anti-human IgG antibody (Pharmingen. 08007E) was added to the plates and .ncu- 
^StMBZ (Sumitomo Bakelite. ML-11 20T) was added, enzyme activity was determined by absomance mea* 
urement a. 450 nm. Purified human lgG4 antibody (Sigma, 1-4639) was used as standard. The standard was d,luted 
stepwise with mouse serum-supplemented PBS. 

Quantative Determination of human IgM 

[0191] Ninety six-well microtiter plates were coated with anti - human u chain mouse monoclonal antibody (Sigma 
6385) fluted with PBS. A serum sample was added. Subsequently, peroxidase - labeled ant '-""man ^a,n mouse 
antibody (The Binding Sfte Limited. MP008) diluted with mouse serum (Sigma, M5905)-sup P lemented PB wa added 
t le plates and incubated. After TMBZ (Sumitomo Bakelite. ML-1 1 20T) was added as a peroxidase i****™^ 
acS was determined by absorbance measurement at 450 nm. Purified human IgM having u cha.n (CAPPEL, 
600 TX was used as standard. The standard was diluted stepwise with mouse serum (S.gma, M5905)-supple- 

[ulSf T B he results are shown in Table 10. All the subclasses lgG1, lgG2. lgG3 and lgG4, and IgM were detected in 

the two chimeric mice K1 5A and K1 6 A. - - - ■ 
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Table 10. 



Concentrations of Human antibody IgG Subclasses and IgM 


in the Chimeric Mice (ELISA) 


Chimeric mouse 


lgG1 


igG2 


igG3 


lgG4 


IgM (mg/l) 


K15A 


2.25 


1.96 


0.17 


0.43 


7.09 


K16A 


0.30 


0.69 


0.10 


0.07 


0.87 



Example 30 

Preparation of mouse ES cell clones (TT2) retaining human chromosome #22 

[0193] The cell clone 6-1 (A9/#22, G418 and puromycin resistant) from Example 26 was used as a chromosome 
donor cell for the preparation of mouse ES cell (TT2) retaining human chromosome #22. A wild-type TT2 cell line (see 
Example 9) was used as a chromosome recipient cell. The microcell fusion and the selection of puromycin resistant 
clones were conducted by the same procedures as in the selection of G418 resistant clones in Example 9 except that 
the concentration of puromycin was 0.75 u.g/ml. The frequency of the appearance of the puromycin resistant clones 
was 1-2 per 10 7 of TT2 cells. The puromycin resistant clones were stored frozen and genomic DNA was prepared by 
the same methods as in Example 2. The retention of human chromosome #22 in the puromycin resistant clone PG22-1 
was confirmed by the methods described in (1) and (2) below. 



(1) PCR analysis 

[0194] Genomic DNA of the puromycin resistant clone 
genes on human chromosome #22 (Genetic Maps, supra) 
firmed in Example 2 were used in the PCR amplification. All 
2) were detected. 



was used as a template in PCR amplification. Among the 
, ten primers whose presence in the A9/#22 clone was con- 
the markers which existed in the A9/#22 clone (see Example 



(2) Southern blot analysis 

[0195] In accordance with the same method as described in Example 2 using human L1 sequence as a probe, 
Southern blot analysis was conducted with genomic DNAs obtained from wild-type TT2 (negative control), the chro- 
mosome donor cell 6-1 and the puromycin resistant TT2 cell clone PG22-1 . The results are shown in Fig. 19. In Fig. 
19, the molecular weights of DNAs are shown at the left side. The band pattern of the PG22-1 clone was equivalent 
to that of the 6-1 cell and the signal intensities were the same. Hence, it was confirmed that chromosome #22 in the 
6-1 cell had been transferred certainly into the PG22-1 clone. 

[0196] These experiments demonstrate that the puromycin resistant TT2 cell clone PG22-1 retained the whole or 
the most part of human chromosome #22. 



Example 31 

Production of chimeric mice from the mouse ES cells (TT2) retaining human chromosome #22 

[0197] The cells in a frozen stock of the puromycin resistant TT2 cell clone PG22-1 from Example 30 which was 
confirmed to retain human chromosome #22 were thawed, started to culture and injected into 8-cell stage embryos 
obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the injection rate was 10-12 cells 
per embryo . The embryos were cultured in a medium for ES cells (see Example 9) overnight to develop to blastocysts. 
Two and a half day after a foster mother ICR mouse was subjected to a pseudopregnant treatment, about ten of the 
injected embryos were transplanted to each side of the uterus of the foster mother. 
The results are shown in Table 11 . 
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Table 11. 



Production of chimeric mice from the TT2 cell clone retaining human c 


hromosome #22 


ES cell clone/ 

human 

chromosome 


Puromycin 
resistant 
clone No. 


Number of 
ES cell- 
injected 8-cell 
stage 
embryos 


Number of 
offspring mice 


Number 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#22 


PG22-1 


266 


36 


8 


4 


1 


3 



[01981 As a result of the transplantation of a total of 266 injected embryos, 36 offspring mice were bom. Chimensm 
in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) In the host embryo- 
derived albino coat color. Out of the 36 produced offsprings. 8 mice were recognized to have a partial agouti coat color, 
indicating the contribution of the ES cells. 

[01991 These results show that the ES cell clone (derived from TT2, PG22-1) retaining human chromosome #22 
maintain the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

Example 32 

Detection and quantitation of human antibody X chain in sera of the chimeric mice retaining human chromosome #22 

r02001 The concentration of human antibody X in the sera of the chimeric mice KPG22-1 , 2 and 3 from Example 31 
was determined by EL ISA in accordance with the same procedure as in Example 14. The chimeric mice of 2 months 
after birth were bled and human antibody X chain in the sera was detected by ELISA. Ninety six-well microliter plates 
were coated with anti-human immunoglobulin X chain antibody (VECTOR LABORATORIES INC., IA-3070) diluted I with 
PBS and then a serum sample was added. Subsequently, biotin-labeled anti-human immunoglobulin X chain antibody 
(VECTOR LABORATORIES INC., BA-3070) was added to the plates and incubated. A complex of biotinylated horse- 
radish peroxidase and avidin DH (VECTOR LABORATORIES, INC., Vectastain ABC Kit) was added and incubated. 
After TMBZ (Sumitomo Bakelite, ML-11 20T) was added, enzyme activity was determined by absorbance measurement 
at 450 nm Purified human IgM antibody having X chain (Dainippon Pharmaceutical Co.. Ltd., U1 3200) was used as 
standard The standard was diluted stepwise with mouse serum-supplemented PBS. The results are shown In Table 
12. These results show that human antibody X chain gene can function in the chimeric mice retaining human chromo- 
some #22. 



Table 12. 


Concentration of Human Antibody X Chain in Chimeric Mice (ELISA) 


Chimeric Mouse 


%Chimerism 


Ig \ (mg/l) 


KPG22-1 


50 


12 


KPG22-2 


50 


18 


KPG22-3 


20 


24 



Example 33 

Detection of anti-human HSA human antibody X chain in a serum of the human chromosome #22 transferred chimeric 
mouse 

[02011 The chimeric mouse KPG22-3 from Example 31 was immunized with HSA, 3 times at days 79, 94 and 110 
after birth by the same method as in Example 20. Human antibody X chain in the serum of the chimeric mouse was 
detected by ELISA in accordance with the same procedure as in Example 14. Ninety six-well microliter plates were 
coated with HSA (Sigma, A 3782) diluted with 50 mM carbonate-bicarbonate buffer (pH 9.6) to a concentration of 5 
serum sample was added. Biotinylated anti-human Ig X antibody (VECTOR LABORATORIES INC., BA- 
3070) was added. Subsequently, a complex of biotinylated-horseradish peroxidase and avidin DH (VECTOR LABO- 
RATORIES, INC.. Vectastain ABC Kit) was added to the plates and incubated. After TMBZ (Sumitomo Bakelite. ML- 
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10 



15 



20 



Human * chain In .ha .««m ot .h* *Mnc ^ ' ^JIZSSw — HSA. Tha «*. »e 

shown tn Fig. 20. In Fig. ZO, me numuei u. u«y regu|ts shQW that human 

° a :,;r?;r ;t£t^es^£^^ «— . « - «- » — * 

Example 34 

Preparation o. human antibody light chain-producing hybridomas from the human chromosome #22 transferred 
chimeric mouse 

rnToyamaandAndo/'MonocionalA^o^ 

srsitho"^ 

Example 35 

Preparation of mouse ES ceil Cones retaining both a human chromosome #22 partial fragment and a human 
25 chromosome #14 partial fragment 

[02 0 3] The 6-1 ce„ Cone from Examp.e 26 (AM*. G418 and PJ-jJ^S 

chromosome #14 parHal fragment. The G418 distant TT ! ceu , = one 1 a o{micrTOell{usion 
fragmentfromExampleSwasusedasachromosomerec.pien^^^^ 

of puromycin resistant cells were carried out by the r^^^^ a ^S^Zm of the appearance 
Example 9 except that the concentrator, of puromyc, was 075 1^^^ re q sista 7ce in the puromycin 
of the puromycin resistant clones was 1-2 per 10' 'of 1-4 cells. The retemio , Q418 Jhe 

resistam Cones was confirmed from the fact In Example 

double-drugresistantclones were storedtroze and 8^^^? 1 ^^^ nt ,„ the doubl.sJru9i~te^ 
2. pretention ofhumanchromosome^ 

^Tnes'^ 
Shromosome #22 partial fragment and a human chromosome #14 partial fragment. 

45 Example 36 

Production of the chimeric mouse from the mouse ES cel. clone retaining both a human chromosome #22 partial 
fragment and a human chromosome #14 partial fragment 
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[0205] Thecells.nafrozenstocKo,^ 

35 which was confirmed to retain a human T™^™*^^^ by mating ICR or MCH(ICR) 

fragment were thawed, started to culture and injec ed I into B-cell stage { were cu|tured 
maLnd female mice(CREAJAPAN.N^ 

In a medium for ES cells (see Example 9) overnight to develop to blastocyst wo J transplanted to 
ICR mouse was subjected to a pseudopregnant treatment, about ten of he injected embry 
each side of the uterus of the foster mother. The results are shown ,n Table 13. 
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Production of the chimeric mouse from the mouse ES cell clone retaining both a hu 
fragment and a human chromosome #14 partial fragme 


man chromosome #22 partial 
nt 


ES cell clone/ 

human 
chromosome 


Double-drug 
resistant 
clone No. 


Number of 
ES cell- 
injected 8-cell 
stage 
embryos 


Number of 
offspring mice 


Number of 
chimeric mice 


Contribution to coat color 


<20% 


20-50% 


50-80% 


TT2/#22+#14 


PG22-5 


302 


16 


5 


3 


2 


0 



20 



°mL cELown. .14 partial Mgment ntfiuM IM abillt, » P-oduce chimera, that », the **» » Me.entwe 

into normal tissues of mouse. 
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Example 37 

Detection of human antibody X chain and u chain in sera ol the chimeric mice derived , r0 m the ES cells retaining both 
a humln chromosome #22 partial fragment and a human chromosome #1 4 partial fragment 

^ u- •„ kp<~99 q 10 and 12 from Example 36 were immunized with HSA. The chimeric mice 

Sis™ 

kppp? 12 was immunized twice at 7 and 11 weeks after birth and bled 2 weeks after the second immunlza ion. 
antibody X and u chains were detected by ELISA in accordance with Example 14 

?Sm For the detection of complete human antibody molecules, 96-well microliter plates were coated with arth 
Knim^^^ 

human immunog peroxidase-labeled anti-human immunoglobulin u chain ant.body (The Binding Site 

MP008 Js SXp ^6 incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was added as 

was determined by absorbance measurement at 450 nm. Purrtied human IgM 

!nT 0 dvhavinaxS 

by EUSA in the same manner as in Examp.es 29 and 32. The results are shown ,n Table 14. 

Table 14. 
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Concentrations of Human Antibodies in Chimeric Mice (ELIS/ 


0 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


IgMmg/l) 


lgM,X(mg/i) 


PG22-5 
PG22-5 
PG22-5 
3-2 

PG22-1 


KPG22-9 
KPG22-10 
KPG22-12 
K9 

KPG22-2 


30 
5 

40 
50 
50 


2.54 
4.96 
3.71 
6.66 


9.9 
21.5 
7.0 

17.6 


0.043 
0.333 
0.048 
<0.003 
<0.003 



t02111 Both X and u chains were detected in the chimeric mice. An antibody molecule having both human antibody 
[ 21 was detected These results show: the human antibody X chain gene and human antibody u. chain gene 

^rirhe" 

™gln^ 

|S 2 TtL7oS -use K9 retaining only human chromosome «14 from Examp.e 10 
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and the chimeric mouse KG22-2 retaining only human chromosome #22 from Example 31 , gave background levels of 
an antibody having both human antibody X and ji chains in the sera. It was confirmed that in these detection systems, 
only a complete antibody molecule having human X and u. chains was detected. 



Example 38 

Detection of human antibody having human k and u chains in sera of the chimeric mice derived from the ES cells 
retaining both human chromosome #2 partial fragments and human chromosome #14 partial fragments 

[0213] The chimeric mouse KPG-15 (derived from the TT2ES clone PG5, 10% chimerism) was immunized during 
2-3 months after birth 3 times with 0.2 ml of a solution of human serum albumin (HSA, Sigma, A3782) and adjuvant 
(MPL+TDM Emulsion, RIBI Immunochem Research Inc.) in PBS at a HSA concentration of 0.25 mg/ml and bled (see 
Example 1 5). The chimeric mouse KPG-26 (derived from the TT2ES clone PG6, 40% chimerism) of 6 weeks after birth 
was bled. The concentration of a complete human antibody molecule in the sera was determined by ELISA in accord- 
ance with Example 1 4. Ninety six-well microtiter plates were coated with anti-human immunoglobulin k chain antibody 
(Kirkegaard & Perry Laboratories Inc., 01-10-10) diluted with PBS, and a serum sample was added. Subsequently, 
peroxidase-labeled anti-human immunoglobulin \i chain antibody (The Binding Site Limited, MP008) was added to the 
plates and incubated. After TMBZ (Sumitomo Bakelite, ML-1120T) was added as a peroxidase substrate, enzyme 
activity was determined by absorbance measurement at 450 nm. Purified human IgM antibody having Kchain (CAPPEL, 
6001-1590) was used as standard. The standard was diluted stepwise with mouse serum-supplemented PBS. The 
concentrations of k chain and \i chain were determined by the same method as in Example 20. The results are shown 
in Table 15. 



Table 15. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA 


) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


Ig k (mg/l) 


IgM, k (mg/l) 


PG-5 
PG-6 
3-2 
5-1 


KPG15 
KPG26 
K9 
K2-9 


10 
40 
50 
40 


0.18 
1.52 
6.66 


1.01 
1.26 

135 


0.075 
0.018 
<0.002 
<0.002 



[0214] A antibody molecule having both human antibody \i and k chains was detected. The control mice, that is, the 
chimeric mouse K9 retaining only human chromosome #14 from Example 10 and the chimeric mouse K2-9 retaining 
only human chromosome #2 from Example 13, gave background levels ( <0.002 mg/ml) of an antibody having human 
antibody k and n chains in the sera. These results show: the human antibody k chain gene and human antibody 
chain gene can function at the same time in the chimeric mice derived from the ES cells retaining both human chro- 
mosome #2 partial fragments and human chromosome #14 partial fragments; and a complete antibody molecule con- 
taining both human heavy and light chains was produced in part of the B cells. 



Example 39 

Preparation of mouse ES cell clone (TT2F, XO) retaining a human chromosome #2 partial fragment 

[0215] The cell clone PG1 from Example 1 6 was used as a chromosome donor cell for the preparation of a mouse 
ES cell (XO) retaining a human chromosome #2 partial fragment. A TT2F cell (purchased from Lifetec Oriental Co.) 
having a karyotype of (39, XO), which was reported to differentiate efficiently into an oocyte in chimeric mice (Shinichi 
Aizawa, "Biomanual Series 8, Gene Targeting- published by Yodosha, 1995), was used as a chromosome recipient 
cell. The experiment of microcell fusion and the selection of puromycin resistant cells were carried out by the same 
methods as in the selection of the G41 8 resistant clones in Example 9 except that the concentration of puromycin was 
0.75 u, g/ml. The frequency of the appearance of the puromycin resistant clones was 5 per 10 7 of TT2F cells. The 
puromycin resistant clones were stored frozen and genomic DN As were prepared from the clones by the same methods 
as in Example 2. The retention of human chromosome #2 partial fragments in the drug resistant clones P-20 and P- 
21 was confirmed by PCR analysis. As a result of PCR amplification using genomic DNAs of the drug resistant clones 
as templates and three kinds of primers C k , FABP1 and V k 1 - 2 whose presence in the A9/#2 W23 clone was 
confirmed in Example 1 , all of the three primers gave expected amplification products in both of the two clones. 
[0216] These experiments demonstrate that the obtained puromycin resistant ES cell clone (TT2F, XO) retained a 
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human chromosome #2 partial fragment. 
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Example 40 

Production of the chimeric mice from the mouse ES cell clone (TT2F, XO) retaining a human chromosome #2 partial 
fragment 

[02171 The cells in a frozen stock of the puromycin resistant TT2F cell clone P-21 from Example 39 which was 
confirmed to retain a human chromosome #2 partial fragment were thawed, started to culture and injected into 8-cell 
staqe embryos obtained by mating ICR or MCH(ICR) male and female mice (CREA JAPAN, INC.); the inject™ rate 
was 1 0-1 2 cells per embryo. The embryos were cultured in a medium for ES cells (see Example 9) overnight to develop 
to blastocysts Two and a half day after a foster mother ICR mouse was subjected to a pseudopregnant treatment, 
about ten of the injected embryos were transplanted to each side of the uterus of the foster mother. The results are 
shown in Table 16.. 

Table 16. 





Production of the chimeric mice from the TT2F cell clone retaining a human chromosome #2 partial fragment 


so 


ES cell clone/ 

human 

chromosome 


Puromycin 
resistant 
clone No. 


Number of 
ES cell- 
injected 
8-cell 


Number of 

offspring 

mice 


Number of 

chimeric 

mice 


Contribution to coat color 










stage 
embryos 














25 












<20% 


20-50% 


50-90% 


100% 




TT2F/#2fg. 


P-21 


141 


20 


9 


0 


2 


' 3 


4 
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r0218l As a result of the transplantation of a total of 141 injected embryos, 20 offspring mice were bom. Chimensm 
in the offsprings can be determined by the extent of TT2F cell-derived agouti coat color (dark brown) in the host embryo- 
derived albino coat color. Out of the 20 produced offsprings. 9 mice were recognized to have a partial agouti coat color, 
indicating the contribution of the ES cell. Four of the 9 mice were chimeric mice having a full agouti coat color from the 
ES cells 

[0219] These results show that the ES ceil clone P-21 retaining a human chromosome #2 partial fragment maintains 
the ability to produce chimera, that is, the ability to differentiate into normal tissues of mouse. 

Example 41 

Detection and quantitative determination of human antibody k chain in sera of the chimeric mice derived from the TT2F 
clone retaining a human chromosome #2 partial fragment 

[0220] The chimeric mice K2-1 F, 2F, 3F and 4F (derived from the P-21 clone, 1 00% chimensm) from Example 40 of 
about 1 month after birth were bled and the concentration of human antibody k chain in the sera was determined 
quantitatively by ELISA in the same manner as in Example 20. 

[0221] The results are shown in Table 1 7. It was confirmed that the human antibody k chain gene could function in 
the chimeric mice when the TT2F was used as an ES cell. 

Table 17 





Concentration of Human Antibody k Chain in Chimeric Mice (ELISA) 


50 


Chimeric mouse 


%Chimerism 


lg k (mg/l) 




K2-1F 


100 


66 




K2-2F 


100 


156 




K2-3F 


100 


99 


55 


K2-4F 


100 


20 
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Example 42 

Cent— n**^*^*™™*^*"^^^^" 1 ™*" 

^2F XO) retaining a human chromosome #2 partial fragment 

[02221 Examination was made as to whether ES ce»-denVed progenies; ^£^2*^^ 

such a mating, offspring mice of an agout coat color should be rep ^ ^ shQu|d be reproduced 

cell (agouti coat color, dominant) in the chimenc and from ICR male mice (albino, recessive). All 

from oocytes derived from ICR mating of the respects combinations 

the viable offspring mice (K2 - IF. 10 ^ " 4 " ^2Sn of human chromosome fragments In genomic 
had an agouti coat color which denved from the ES c *^ e ™"™ n CR method . ^ a res ultofthe PCR amplification 
DNAs prepared!^ 

using three kinds of primers whose P^"^V^^JX?o* o the five mice from K2-4F. The results 
three markers was confirmed in 4 out of the ten ™ e J^^ 1Fa J m markers WX 174/Haelll fragment. Nippongene) 
of the PCR of these 15 offspring mice are shown in Fig. 21 . In Fig. 21 man* w ^ o{ 

and he DNA molecular weights of main the left si d^ At the right side, the results with tail- 

amplification with the respective pnmers are shown g^J^^, are sh0 wn. These results show that the 

fragment was transmitted to offsprings through oocyte. 
Example 43 

Confirmationofthe retention of human chromosome in progenies of the chimeHc m,e de.ved from the mouse ES cei, 
^T2 X?) retaining a human chromosome #2 partial fragment 
[0223] Examinationwasmadeastowhe™ 

70% chimeric male mouse from Example 3) wjh K2 M 9 (60 ^ ™™™ jnt0 a f unctiona | sperm in the male 

emale littermates. Since TT2 cell has ^^^^^SS^Lr should be reproduced from iCR (albino, 
chimeric mouse K2-18. If this ^^^.^^S^a color, dominant) in the chimeric mice. While a 
recessive)-derived oocytes fertilized w«h spem.sj ^ ™ ""^J^ agouti coat color which derived from the ES 
total of 110 viable offspring mice were obtained by the mati ng. ten nacn a g ^ q{ ? ^ of ^ ten 

celis. The retention of human chromosome ^^ a % n ^Z^ As l result of PCR amplification using two 
offspring mice of an agouti coat color was examine lb a PGR 12) was confirmed and primer 

kinds of primers Ck and FABP1 whose presence in the 5- 9 s wa ; confirmed in 2 out of the seven 

W1-2 wSich was shown in ^P^ ^ 

40 offsprings through the sperms. 
Example 44 

□election and q uant ft at,e determination of human antibody k chain in sera 0 , o«spring mice o, the ch,mer,m,ce^ 
[022 4, The concentration of human antibody k chain in 

rom Example 42 was determined quan to** ^ f^2nS by EUSA in the same manner as in Example 20. 
concentration of human antibody « c^ » he sera was — ^ ^ ^ ^ ^ 

chimeric mice. 
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Mother mouse 
K2-1F 



Number of mouse 
#1 
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Example 45 

Ana*** 4 «*•" celM,.m,he human «*„me «« l»« '»»™™ """'^ C>MM 

me University of Tokyo, Medical Science Institute A^^^^JS^n Wiley & Sons Ltd.. 1996. The 
and J.B.Griffiths, "Cell & Tissue Culture: Laboratory P J^J^^reia *m..30%ihlm^li« Example 
spleen was removed from the chimeric mouse KPG06 (derived trom ine ^ stajned 

P 9 o?six months afterbirth andtreated with an ^^^^ZS^SS^. ™ 24A > in PBSc0n " 
w*h fl uoresceinisothiocyanate(F^^ 
taInlnfl1%rBt serum. After be.^ 
<P*armingen.08072D)orac^ 

ing 5% mouse serum and stained with 0.1 ug of ' p * y FACSort). An ICR mouse retaining no human 

ysis with a fiowcytometer (Becton ' ns °« shown in Fig. 22. In Fig. 22, the 

chromosome was used as a control for analysis by th > same method. , ^ ^ ^ Qf ^ 

S." u Ch.h .n th. oe» places «*.. P».e« in ,ne chlme-« mW. 

Example 46 

mice expressing human antibody heavy chain, k and X chains, respectively 

chimeric mlc. K15A (anvrt Iron, the lactone P^' * ^™ ' ™ [e eortlmed t0 ^,,,,5 human antibod, heavy 

the like. 
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. K15A (heavy chain) 
[0228] For constant region: 

HIGMEX1-2 : 5 1 - CCAAGCTTCAGG AG AAAGTG ATGG AGTC (SEQ ID 
NO: 53 } 

HIGMEX1-1 : 5 ' - CCAAGCTTAGGCAGCCAACGGCCACGCT (used in 
2nd PCR of VH 3 BACK) (SEQ ID NO:54) 



For variable region: 

VH 1/5 BACK (59°C, 35 cycles, Marks et al., Eur. J. Immnol., 21, 985-, 1991), 
VH4BACK (59°C, 35 cycles, Marks et al., supra), and 

VH3BACK (1st PCR:59 °C , 35 cycles; 2nd PCR:59°C, 35 cycles, Marks et al., supra) 
. K2 - 8 (light chain k) 
[0229] For constant region: 

KC2H : 5 ' -CCAAGCTTCAGAGGCAGTTCCAGATTTC (SEQ ID NO: 55) 



For variable region: 

Vk1/4BACK (55°C, 40 cycles, Marks et al., Eur J. Immnol., 21 , 985-, 1991), 
so Vk2BACK (55°C, 40 cycles, Marks et al., supra), and 
Vk3BACK (55°C, 40 cycles, Marks et al., supra) 

. KPG22-2 (light chain X) 

35 [0230] For constant region: 

C X MIX (a mixture of the following three kinds of primers at an equal molar ratio) 

IGL1-CR : 5 1 - GGG AATTCGGGTAG AAGTC ACTGATC AG (SEQ ID 
NO : 56 ) 



40 



45 



IGL2-CR : 5 • - GGGAATTCGGGTAGAAGTCACTTATG AG (SEQ ID 
NO:57) 



50 1GIi7 - CR : 5 ' - GGG AATTCGGGTAG AAGTCACTTACGAG (SEQ ID 

NO:58) 

55 For variable region: 

VA. 1LEA1 (55°C, 40 cycles, Williams et al., Eur. J. Immunol., 23, 1456-, 1993), 

V X 2MIX (55°C 40 cycles, a mixture of V X 2 LEA1 and V X 2 JLEAD (Williams et al. (supra)) at an equal molar ratio) 

V X 3MIX (55 0 C, 40 cycles, a mixture of V X 3LEA1 , V X 3JLEAD and V X 3BACK4, which were reported in Williams 
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et al. (supra) at an equal molar ratio. constant regions with those tor variable regions 

[02311 The PGR was performed wfth tm ^^^SS^t!SS m the annealing temperatures shown 
3 primer pairs each for heavy chain, k and X cha ns at 94 C to ^1 5 seconds. ^ ^ ^ 

with respectto the respeCiveprimersfor^ 

shown with respect to the -P e ^^ PGR were amp.Hled again with 

the second run of PCR using VH3BACK. the ampl "Monp" amplification products were electrophoresed 

a combination of the two primers H1GMEX 1-1 VH3BACK All of the amp P ^ having 

on a 1 .5% agarose ge, ^"^^££f x Tou °400 P Z ! light chain X , about 510 bp) were 
expected lengths (heavy cha.n, about 470 bp I'flM ™ ^ C a mDli ,icat on product was not detected at the same 
dented in all of the combinations. In the ^^^^^^^ Extracted from the agarose gel using 
position in any of the combinations. ^"^^^S^X^^ M 8nd Pst ' : " ght ** 
P ^»v^^^ 

rpro^r^^^^ 

with a Fluorescence Autosequencer (Applied Biosystems Inc.). 



20 



HIGMEX1 - 2 x VH 1/5 BACK: 10 clones 
HIGMEX1 - 2 x VH4BACK: 8 clones 

HIGMEX1 - 2 (2nd PCR, HIGMEX1 - 1) x VH3BACK: 5 clones 
. KC2H xvk 1/4BACK: 6 clones 
• KC2H xvk 2 BACK: 7 clones 
. KC2H xvk 3BACK: 4 clones 
. C X MIX X V X 1LEA1 : 5 clones 
25 . C X MIX X V X 2MIX: 6 clones 
C X MIX x VX3MIX: 5 clones 



30 



[0232] The obtained nucleotide sequences were analyzed ^ N ^^ 

Vhe results show that al, of the sequences were der,ve ^^^^eSSrt.r^lon: this was true with 
did not contain a termination codon at any srte betwee en iin.tiat on codon ana were removed (rom 



and 12 X chains. 
35 Example 47 
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[0233] The nucleotide sequences determined In Examp.e 46 (heavy chain. 17 Cones; k cha.n, 11 Cones; and X 
chain. 12 clones) were analyzed in the following points. 

, .,dent«ication of Known germ line V gene segments used JJ-^SJ^SS 



regions 



[02 34, TheresuKs own inTab.e 19. Forthe ldent«ication ir 

inevlndJsegments registered inGenbanka^ 

and V X segments are shown in Table 1 9 together with the famrty name, of th^resp J ^ ^ ^ j 

with the conventions described in Cook et al.. Nature genetics. 7 lf'l^"J^J Forthe identification 
rmmunol.23, 3248, 1993 (Vxfragments) and VVl.iiams ^^^^ Te eTbJj.. 7, 13, 4141, 1988 

in point 3. search for homology with germ line D ^^^"^ £ "an he results are shown in Tab.e 19. 

was conducted with DNASIS. Assignment was ^J^™}^^^** Genetics, 7. 13, 1994. For the 

DN1- is believed to be the new DN tam.ly segment reported I In Grew e nb ^ dete rmined 

identification in point 4. the nucleotide sequences wh.ch d.d not appear in any germun 
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to be N regions on the basis of the results for 1(V), 2(J) and 3 (D). As a result, N region was observed in 11 of the 13 
sequences in which D segment was identified and its average length was 8.7 bp. For the determination in point 5, the 
respective sequences were converted by DNASIS to amino acid sequences which were expressed with one letter 
symbols. In Table 1 9, only CDR3 region is shown. At the right side of Table 1 9, the names of the primers used in cloning 
of the respective variable regions and the names of clones are shown. 

Table 19 
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V family 


-7 

V segment 




J ID) 


V primer 


Clone 


K15A 












VH1 


VH1-8 


VRSSSWYEYYYYGMDV 


J6 (DN1) 


VH4BACK 


H4-10 




VH1-18 


GGITMVRGLIITDWYFDL 


J2 (DXP'1) 


VH1/5BACK 


H1-7 




VH1-24 


APYSGRFDY 


J4 (DK1) 


VH 1/5 BACK 


H1-6 




VH1-46 


ERYYGSGSYQDYYYYYGMDV 


J6 (DXP1) 


VH1/5BACK 


H1-2 




VH1-46 


GGYSGYEDYYYYGMDV 


J6 (DK1) 


VH1/53ACK 


HMO 


VH2 


VH2-5 


SYFDWPDFDY 


J4 (DXP1) 


VH4BACK 


H4-14 


VH3 


VH3-21 


EGCSGGSCLruYYY YoMUV 


ifi tn\ r?^ 


VH1/5BACK 


H1-4 


VH3-23 


AnGUrYrUY 




VH1/5BACK 


H1-3 




VH3-23 


DADAFDI 


JO 


VH1/5BACK 


H1-8 




VH3-23 


SGWUY 


\a tr\N\ n \ 


VH3BACK 


H3-3 




VH3-23 


TGFDL 


19 

sJC. 


VH4BACK 


H4-4 




VH3-33 


EGGYGSVvjUYYYYuIVIUV 


JO ^L/Ar I ) 


VH1/5BACK 

VIM/ ounwi » 


H1-9 




"VH3-33 


GGYSYGYUYY YYVjMUV 


Ifi 

JO \UAr 1 f 


VH3BACK 


H3-5 




VE3-33 


GYSSGWYDY 


J** \\Jvi 1 ) 


VH4BACK 


H4-9 


VH4 


VH4-34 


RYSSGWYYFDY 




VH4BACK 


H4-15 




VH4-59 


GRIAVASFUY 


\a /nNi^ 


VH4BACK 


H4-2 




VH4-59 


GSGSYFHFDY 




VH4BACK 


H4-6 


K2-8 












Vk1 


018-8 


QQHDNLPFT 


Jo 


V \c 1 RACK 

V ft. t unwrx 


K1-1 I 


018-8 


QQYUNLrl 1 


JO 


V k 1 BACK 


K1-3 




018-8 


QCJMUNLrrM 


J3 

JO 


V K 2BACK 


K2-2 




L1 


AAVMCVDI T 

QQYNSYrLI 


14 

JH 


V k 1 BACK 


K1-6 


V k2 


A17 


N/IOf^TUI 1 T 

MUo 1 nLLI 


J4 


V K 2 BACK 


K2-1 


A17 


k A r\ UllA/ IT 

MUo I HWI 1 


J5 


V k 2BACK 


K2-5 


V k3 


A27 


UUlOOor 1 VV 1 


J1 


V K 3 BACK 


K3-1 


A27 


UUTboorr I 


J3 


V K 3 BACK 


K3-4 




A27 


UUTooorLVV l 


J1 


V K 3BACK 


K3-5 




A07 


vJUiooorrvf i- 


J1 


V k 3BACK 


K3-6 


V k 6 




uncqci POT 


J1 


V K IBACK 


K2-4 I 


KPG22-2 












V X 1 


DPL3 


AAWUUoLUVV 


JC3 


VX1LEA1 


L1-3 




DPL5 


GTWDSSLSAGV 


JC2 


VX1LEA1 


L1-4 




DPL5 


GTWDSSLSAGW 


JC3 


VX1LEA1 


L1-6 




DPLS 


GTWDSSLSAVV 


JC2 


VX1LEA1 


L1-9 




DPL8 


QSYDSSLSGVV 


JC3 


VX1LEA1 


L1-8 I 


V A. 2 


DPL10 


CSYAGSSTLV 


JC2 


VX2MIX 


L2-4 




DPL11 


SSYTSSSTVV 


JC2 


V X 2MIX 


L2-1 




DPL11 


SSYTSSSTLV 


JC2 


V X 2MIX 


L2-3 




DPL11 


CSYTSSSTFV 


JC2 


V X 2MIX 


L2-7 




DPL12 


SSYAGSNNLV 


JC3 


VX2MIX 


L2-5 




DAL12 


SSYAGSNNFW 


JC3 


VX2MIX 


L2-6 


V X 3 


DPL16 


NSRDSSGNLV 


JC2 


VX3MIX 


L3-1 
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Example 48 

E*ampl.9)»» a n«omo s om e .2(Ex^ J^.ln x ) a ™ disrupted. Tho«. ohi™nc 

Mo TT2 Cor TT2F) cells » «** mouse •«***> 8 ™!"T7 < !! o^^^z-rranslerred. mouse antibody genes 
«,» arc produced ^J^^^^^'^Lm o, Example .9 (ne.^h.m ♦ 
(l,eav,^h.ie. Hghl-cham «)*.upled TT2 (or TT2H ES 9 both heavy- and llgbl-chalns 01 

* Kpn,. t Ban*,. Bg2:Bg„l. « EcoRl. BV: EcoRV, N: «. Sv Sa, Sea: Sc.,. « m X 

Qm«i X- Xhol (X): Xhol restriction site from X vector 

Son oi Kpn. restriction sfte, dX: deletion o, ^/^Se.uent ligation to a Sma. restriction s.e. 

Dotted portion: pBiuescript SKIi( + ) or P UC18 piasmid DNA 
■ LoxP sequence 

l02361 Forthedeletionofa—^^ 

lo insert LoxP sequence (Sa U er e al., ends 0 nne G4 18 resistance gene (Example 1) in the same 

o, Cre recombinase (Sauer et al., supra) at f°l^ot was cut out from pSTneoB piasmid DNA (Example 1. Katoh et 
direction. Briefly, a G418 resistance cassette <^ n ^" Biologicals (JCRB). Deposit Number: VE039) 

al Cell Struct. Fund., 12:575. 1987; Japanese Collect* o Research Bog J an(J then b|unted with 

with restriction enzyme Xhol. The DNA fragment ^^^2^^^ DNApBS246 (P.asmid 
T4-DNA polymerase (Blunting End Kit from Takara Shuzo). Lo f ^^^coYrl. Xno | linker DNAs were in- 
PBS246 ,lox y p 2 Cassette Vector. U.S. Patent '^^^^^L of these sites to a Xhol rec- 

modified P BS246 to give piasmid pLoxP-STneo (Fig. 23). 

2 Isolation of genomic DNA clones containing C57BL/6-derived antibody heavy-chain Cu. (IgM constant region) or 

light-chain Jk - Ck (IgK joint region and constant reg.on) 

^ • a ,rr> m F1 mice between C56BL/6 mice and CBA mice, the inventors 
f02371 Since TT2 (or TT2F) cells were denved from F1 mice between wo & C S7QU6 

sSelg. 2 «g a**-* DNA seguenees ,60 m.rs, ware u»d. 

Jeavr c«.in CM Probe: 5'-ACC TTC ATC OTC CTC TTC CTC 
CTG AGC CTC TTC TAC AGC ACC ACC CTC ACC CTG TTC AAG - 
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3 » (SEQ 



ID NO: 59) 



light .chai„ « P«be: 5-TGA TGC TGC ACC AAC TGT ATC CAT 
CTT «C ACC ATC CAG TGA GCA GTT AAC ATC TGG AGG - 3 ' ( SEQ 

ID NO: 60) 

» those DNA fragments containing heavy-chain C u. c 



[0238] The X clones were isolated and analyzed to subclone 1 
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TT2F) cells as described below. 

3. Preparation of a vector plasmid for disrupting a mouse antibody heavy-chain gene 

l02391 in the Cu - encoding region in the genomic DNA «^^ te \^^^S "pTacTd 
legion which was prepared in 2 abov, , . ^^^^^^^^tL^^i 

Sense primer: 5 1 - CTG GGG TGA GCC GGA TGT TTT G - 3 ' ( SEQ 
ID NO: 61) 

Antisense primer: 5 • • CCA ACC CAG CTC AGC CCA GTT C- 

3 ■ (SEQ ID NO : 62 ) 

Tpmolate DNA- 1 P-9 of EcoRI-digested 129 mouse genomic DNAs 

35 1 mln; 72«C, 1 min; 36 cycles ra „ mon , rnn be cleaved at one site with restriction enzyme Hindlll 

[0240] After it was confirmed that amplified DNA fragment can be cleaved at one riotion site of plasmld 

e^ptore*. Then, Southern blotting was performed using the above probe. 
4 Preparation of a vector for disrupting the mouse antibody light-chain k gene 

so pared by DNA chemical synthesis. 

5 - . aaTTCCCGCGGGTCGACGGATCCCTCGAGGGTACCA - 3 • (S 

EQ ID NO: 63) 
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3> . gGGCOCCCAGCTGCCTAGGGAGCTCCCATGGTTCGA.S- (S 

EQ ID NO:64) 
r02 4 21 The EcoRl-SaC DNA fragment containing J « ^^^SSS 

T Sd Then a 3'-end Bglll-Bglll-Bglll-Xhol DNA fragment (F,g.25) *« ™JJJJ contalning uoxP-STneo 

Example 49 

se ES cell antibody heavy-chain gene-disrupted clone 

«nd transferred into mouse i i *r treated with trypsin ana suo F 

« rpne Taraeting'. published by Yodosha. 1995. The TT2F cells added . Tnen , electroporat.on was per- 

8, Gene Targeting . p ^ suspensloni 5 ug of DNA was aoae d a , 

Tnd homologous recombinants «1S1 and«141 ^^^^d^rton. In the homo.ogous recor. 
L. Actually. Mnd (a) » *ThX,^ait S * 1» >»« «» - »" "*" ,ai ' "'"'^ * 

Example 50 

P d ction of chimeric mice from antibody heavy-chain homologous recombinant ES cells 
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22offspr,ngmice W erebor,Ch^^ 

coat color [dark brown) in the host embryo W^^^* ° cells 0ut ot J. ? 8 mlce , 16 
were recognized to have partial agouti coat ^^^^^ Agouti ( ,. e . ES cell-derived). From 
mice were female chimeric mice in wh.ch more than I 0 A ° f ^^^^^^,^#131 retains the 
these results. « was confirmed that the antibody hea^-cha n J^lSlSn-l. mice exhibiting extreme* 
ability to produce chimera -^^^^^^^^c^l^^^ 
high contribution. It is very likely that the ES cells have °™ er «™° A , t al| of tne offspring mice 

chimeric mice exhibiting 100% contribute were ^^^^^St and thus it is considered that a 
exhibited agouti coat color. These offsprings are derived from #131 (see Example «). 
dSupted antibody heavy-chain allele was transmitted to them at a rate of 50 U. 

Example 51 

Production .1 . double *™*>*>" •«*«**™> 

Targeting", published by Yodosha. 1995). Based on th homologous recombinants 
20 imentsinordertoobtainbothal.eles^ 

#131 and #141 . First, in order to determine the lethal "n^ratoon o ^4 8 c botn ^ 
was inoculated into ten 35 mm plates at a rate of about 100 ce J per Plate ( n th, s Ex ^ % Thece ,, s werecultured 
cuiturece.is which w = ^^ Sigma)for 10 days. As 

in an ES medium containing 0, 0.5. 1, Z. J, &. b, iu, io a colony foimation was observed 

a result, definite colonies were observed at a ^'^^^^^^Z be 5 mg/ml. Then, high concen- 
at 5 mg/ml. Based on these results, the minimum letha ^«rt«jon was decide w ^ # ^ ^ 

tration G418 resistant Cones were selected at ™™Z*^ A £ late and cultured in an ES medium 

cells were inoculated into ten 1 00 mm plates at a 1or each concentration). Twelve 

containing G41 8 at each of the 'concentrations f^^^SZSZ*. P^ked up from plates of 7 mg7 
days after the start of culture, def.nrte colonies (#131 . 12 clones,^ - ™ ' fl by tne same 

miand 8 mg/m. In G41 8 concentration. Thes * d °"°^ were digested 

procedures as in Example 49.The genomic DNAs from these ^^"^^ e | etac ^ norert .Then, Southern 
withrestrictionenzymesEcoRlandXho 'f^^^JTS^ «5S^^ **** both a,le,es have 
blotting was performed to detect with the probe ^J^*'^^^™* bot h alleles-distrupted clone. The 
been disrupted. As a result, one clone denved from #1 31 (#1313) wasjoun M» ^ ^ ^ ^ 

results of Southern blot analysis of 6 clones denved from #131 ^ shown in ■ ^ recombinants (#131. 

type bands (a, b) are detected after the EcoRI en * * h °' 

7£T£Z band pattern is observed in clone No. 3 (#131 -3). This demonstrates that both aile.es of an antibody 
heavy-chain gene have been disrupted in this clone. 

Example 52 

Remove, of a G418 resistance marker gene from the antibody heavy-chain-defic.ent homozygote TT2F Cone 

[02 46, TheG418resistancemarker g ene,,heantibodyheavy^ 
LG418 resistant Cone #131^ 

pBS1 85 (BRL). containing Cre recombinase gene wh ,ich pauses .a srte wee aocordlng to the 

sequences inserted at both the ends of the G41 8 resistance ^J^^J^ by Yodo sha. 1 995 and Seljl 
methods described in Shinichi Aizawa. Zoological Researches', p. 255-. 

Takatsu et al., "Experimental Medicine (extra number): ^ C in HBS to give a concen- 

pub.ished by Yodosha. 1995). Briefly #131-3 eel* -re treated wAh Uypsin en susp ^ ^ ^ 

tration of 2.5x10' cells/ml. To the cell suspension, 30 ug o f pBS 85 r ° NA yolt o{ 250 V was applied at 
formed with a gene pulser (Bio-Rad Laborator.es, ^ «^5. A The eleCroporated cells were 

SSS t^^ZrZ^^^^t^ (Corning) o, SO mm , which 
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10 



15 



20 



25 



feedercelfcwereseededp^^^^^^^ 

100 mm plates (preliminary seeded wrth feeder ceHs) "^^J^^ that the setting of the gene pulser 
lively. A similar experiment was also conducted unde the same con™ P g6 colonies |ormed were 

waschanged (resistor unit connected; «^ one was inoculated into a 48-weii 

picked up and treated with ttypsin. Then the.co jnt0 9 a J. well pla te coated with gelatin alone. 
P p,ate preliminary seeded with feeder cells and ^8 (GENETICIN, Sigma) for three days. Then. G41 8 

The latter was cultured in a medium conta.mng 300 ug/ml o G41 8 (GENt i , a ^ ^ g sensjtive 

resistance was iudged from the survival ^ « ^^^J^^iS culture was suspended in 0.5 ml of 
clones were grown to confluence ,n 35 mm plates JjJ^J «Jj ™ frozen at ^ 0 -C. The remaining one fifth was 
a preservation medium [ES medium + ]^° ( DMS .°^9™ ) 0 ^ 0 days Thereafter, genomic DNA was prepared by 
inoculated into a 12-well gelatin coated pla ^^^^^^^^ clones were digested with 
the same procedures as in Example 2. These genomic Unas irom « . Jn southern blotting was 

performed to confirm the removal of the ^ 8 ^^ C ^,, d in 9 #131 .3 clon e which hybridize with Probe A were 
resistance gene-containing pSTneoB. As a esu It.ba that the G4 1 8 resistance marker gene 
not detected at all in the sensitive clones. From the>eresu^. » was c result of southern blot analysts 

had been surely removed in the ^^'^^^^^SSlA^ EcoRi. no specific band which 

ends of a G418 resistance gene) described in Section 4, Example 48. 
Example 53 

ES cell clone 

by PCR analysis or the like (see Example 9). 
35 Example 54 

cell clone retaining human chromosome #14 (fragment) 

l0248J A human chromosome « 7™^^^ . 
#22 (containing the antibody heavy-cha.n ^^JJ^™ * u P man lomosome #14 partial fragment (0418 re- 
antibody heavy-chain-deficient mouse ES cell clone , nrta n.ng a nu puromycin and Q41 g 

sistant)fromExampie53bym^ (tragment) and h uman chromosome #2 

Example 55 

duced by the same procedures as in Example J a I n th e ^esuUant ^ g < ^ ^ 

duced in the ES ce„ ^^^^ B ^^U the human-derived gene on the transferred chro- 

rom:"™^ 
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Example 56 

Production of chimeric mtee from the endogenous antibody heavy-chain-deficient mouse ES cells retaining human 
chromosomes #14+#2 (fragments) or#14+*22 (fragments) 

r02501 Chimericmiceareproduced bythesame procedures as in Examples 19, 36, etcfromthe endogenous antibody 
heaw-chain gene-deficient mouse ES cell clone retaining human chromosomes #14+#2 (fragments) or #1 4+#22 (frag- 
men7s) obtained in Example 54. In the resultant chimeric mice, human antibody heavy«hain and l.ght^haln K or X are 
detected in the ES cell ctone-derh,ed B cells according to the method described in Examples 14. 23 and 32^ As .n 
Example 55 antibody heavy-chain genes functional in the ES cell clone-derived B cells are only the human-denved 
aene on the*transferred chromosome. Thus, many of the ES cell clone-derived B cells produce human heavy-cha.ns. 
furthermore, complete human antibody molecules both heavy and light-chains which are derrved from humans are 
also detected by the method described in Examples 37 and 38. 

Example 57 

Production of human antibody-producing hybridomas from the chimeric mice derived from the endogenous antibody 
hea^laln^ident mouse ES cells retaining human chromosomes #14 + *2 (fragments) or *14 + #22 (fragments) 

f0251l The chimeric mice from Example 56 are immunized with an antigen of interest in the same manner as in 
Examples 15 25 and 34. The spleen is isolated from each mice and the spleen cells are fused w,t , myeloma cells to 
prod^hybridomas. After cuKivation for 1-3 weeks, the culture supernatant is analyzed by EL ISA. The ELBA, 
pert Led by the method described in Examples 14, 1 5, 21 , 24, 25, 33. 34. 37 and 38. As a result human ant.body 
posZ cJes and clones which are human antibody posttive and specific to the antigen used .n the .mmunizat.on are 
obtained. 

Example 58 

Production of an antibody light-chain gene-disrupted clone from the antibody heavy<hain-deficient homozygote mouse 
ES cells 

r02521 A homologous recombinant, which has further disruption in an antibody lighten gene in the antibody heavy- 
chain^deficienThomozygote TT2F cell clone (G418 sensitive) obtained in Example 52 is produced by the follow.ng 
p^ed^es Brielly. the antibody light-chain targeting vector prepared in Section 4. Examp.e 48 is neanzed w,th re- 
Eon enzyme £nl (Takara Shuzo), and transferred into the above TT2F cell clone (G418 senstove) accordms .to 

he memod Lcrfced h Shinichi Aizawa. "Biomanua. Series 8: Gene Targeting", published by Yodosha, 1995. Arte 
7 9 days colonies formed are picked up. They are stored frozen and genomic DNA is prepared n the -same manne 

as in Example 49. Genomic DNAs from G418 resistant clones are digested with restnct.on enzymes EcoRI and Notl 

(Takara sZzo) and separated by agarose gel electrophoresis. Then. Southern blot analys.s .s performed to detect 

homologous recombinants with the probe described in Section 4, Example 48. 

Example 59 

Production of an double knockout clone from the antibody light-chain homologous recombinant 

[0253] A clone in which both alleles of a light-chain gene are disrupted is prepared from the TT2F antibody light- 
chain homologous recombinant (and antibody heavy-chain-deficient homozygote) clone from Example 58 ^b the pro- 
cedures described below. Briefly, a high concentration G418 resistant clone is prepared and stored frozen, and DNA 
is prepared in the same manner as in Example 51 . Genomic DNAfrom the high concentrate G41 8 res,sta clone ms 
diqeJted with restriction enzymes EcoRI and Notl (Takara Shuzo) and separated by agarose gel electrophores^ Then 
Southern blot anafysis is performed to detect those clones in which both alle.es have been disrupted, wrth the probe 
from Section 4, Example 48. 



67 



EP1 106 061 A1 



Example 60 

Removal of the G41 8 resistance gene from the antibody light-chain-deficient homozygote (antibody heavy-chain- 
deficient homozygote) TT2F cell clone 

5 

[0254] The G41 8 resistance marker gene in the antibody light-chain both alleles-disrupted clone (high concentration 
G418 resistant clone) obtained in Example 59 is removed by the same procedures as in Example 52. Briefly, an ex- 
pression vector, pBS185 (BRL),. containing Cre recombinase gene which causes a site-directed recombination be- 
tween the two loxP sequences inserted at both the ends of the G418 resistance gene (Section 1, Example 48) was 

10 transferred into the above clone according to the method described in Example 52. The resultant G41 8 sensitive clones 
are grown to confluence in 35 mm plates, and 4/5 of the resultant culture was suspended in 0.5 ml of a preservation 
medium [ES medium + 10% DMSO (Sigma)] and stored frozen at -80°C by the same procedures as in Example 52. 
The remaining 1/5 was inoculated into a 12-well gelatin coated plate. After cultivation for two days, genomic DNA is 
prepared by the method described in Example 2. These genomic DNAs from G41 8 sensitive TT2F clones are digested 

15 with restriction enzyme EcoRI (Takara Shuzo) and separated by agarose gel electrophoresis. Then, Southern blotting 
is performed to confirm the removal of the G418 resistance gene using a 3.2 kb Xhol fragment from G418 resistance 
gene-containing pSTneoB as a probe. 

Example 61 

20 

(1) Transfer of a human chromosome #14 fragment (containing antibody heavy-chain gene) into the endogenous 
antibody heavy-chain and k chain-deficient ES cell clone 

[0255] A human chromosome #14 fragment SC20 (containing a human antibody heavy-chain gene) was transferred 
25 by microcell fusion as described in Section 2 of Example 68 into the mouse ES cell clone HKD31 (from TT2F, G418 
sensitive, puromycin sensitive) obtained in Example 78 which is deficient in both endogenous antibody heavy-chain 
and k chain. The microcell fusion and the selection of G418 resistant clones were performed in the same manner as 
in Example 2. Eight of the resultant G418 resistant clones were subjected to PCR analysis using IgM and D14S543 
primers (see Example 68). As a result, both markers were detected in 8 out of the 7 clones analyzed. Hence, it was 
30 confirmed that the antibody heavy-chain and k chain-deficient ES cell clone retains the human chromosome #14 frag- 
ment SC20. 

(2) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

35 

[0256] Chimeric mice were produced by the same procedures as in Example 1 0, etc. from the endogenous antibody 
heavy-chain and k chain genes-disrupted mouse ES cell clone HKD31-8 which was obtained in Section 1 of Example 
61 and which retains a human chromosome # 1 4 fragment (containing a human antibody heavy-chain gene). As a result 
of transplantation of a total of 1 88 injected embryos, 25 offspring mice were born. Chimerism in the offsprings can be 
40 determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo (ICR) - derived albino 
coat color (white). Out of the 25 offsprings, 17 mice were recognized to have partial agouti coat color, indicating the 
contribution of the ES cells. Out of the 1 7 mice, three were chimeric mice in which more than 95% of their coat color 
was (ES cell-derived) agouti. 

[0257] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
45 mouse ES cell clone retaining the human chromosome #14 fragment (containing a human antibody heavy-chain gene) 
maintains the ability to produce, chimera, that is. the ability to differentiate into normal tissues of mice. 

(3) Detection of human antibody (having human \i, y or a chain) in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain genes-disrupted mouse ES cells retaining a human chromosome #14 

so fragment (containing antibody heavy-chain gene) 

[0258] The chimeric mice produced in Section 2 of Example 61 (derived from HKD31-8) were bled 12 weeks (#1) or 
7 weeks (#2-4) after birth. The human antibody concentration in the sera was determined by ELISA in the same manner 
as in Example 14. Ninety six-well microtiter plates were coated with PBS-diluted anti-human immunoglobulin u, chain 
55 antibody (Sigma, I6385) or anti-human immunoglobulin ychain antibody (Sigma, I3382) or anti-human immunoglobulin 
a chain antibody (Pharmingen, 08091 D) and then a serum sample diluted with mouse serum (Sigma, M5905)-contain- 
ing PBS was added. Subsequently, peroxidase-labeled anti-human immunoglobulin \i chain antibody (The Binding Site 
Limited, MP008) or peroxidase-labeled anti-human immunoglobulin Y chain antibody (Sigma, A0170) was added to 
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Pu » human romunoglobulms I9M («PPH ., ' l „ used as SBnaaMs , or dalamllnlng human 
aonesnMinns havina „ chain. , r»*™£ £ £ aapwise ««h m.ua. aaramsuopiamant.d PBS. 

the four subclasses (y 1 , 7 2. IT 3 and Y 4) were detected. eXDresS ed efficiently in the chimeric mice 

Table 20. 



5 



Human Antibody Concentrations in Chimeric Mice (ELISA) 


Chimeric Mouse 


Chimerism % 


Human Antibody (mg/l) 


IgM 


igG 


igA 


#1 


90 


270 


1250 


0.46 


#2 


99 


370 


820 


0.23 


#3 


99 


550 


1460 


0.32 


#4 


95 


340 


2300 


0.06 



chromosome #14 fragment (containing antibody heavy-chain gene) 

,„*„, ew* ^ .3 •*»•< — HKW* ^, and ^TS"^1TJ!SS^ 

h^man-body,^ — 

m PBS ana men Wad. Tha <^T^^^^X^S^ and tnan pa-axkaaa-iabaiad MHwmn 
7n-^™S^ 

produced using a myeloma cell SP z/u Agi^iutwniHP kftdansna scientific in 1991 . Three days after the 

r „ad^c«n, 7 a.3 = 



69 



EP 1 106 061 A1 



which 4 plates were selected by G418 resistance. The culture supernatants of these 4 plates were screened to obtain 
5 positive wells. Wells which exhibited colony formation after selection with HAT or 1 mg/ml of G418 were 74 wells/ 
plate for HAT and 29 wells/plate for G418. The cells of those wells which were positive for human YChain<ontaining 
anti-HSA antibody and which had a relatively large number of cells were transferred into 46-weil plates and cultured 
for another 4 days. The isotype of the antibody in the culture supernatant was determined by ELISA. ELISA was 
performed in HSA-coated plates using alkali phosphatase-labeled anti-human lgG1 antibody (Zymed Labolatories, 
Inc., 05-3322), anti-human lgG2 antibody (Zymed Labolatories, Inc., 05-3522), anti-human lgG3 antibody (Zymed 
Labolatories, Inc., 05-3622) and anti-human lgG4 antibody (Zymed Labolatories, Inc., 05-3822) in the same manner 
as in Example 14. As a result, 27 human lgG1 positive clones, 11 human lgG2 positive clones, 2 human lgG3 positive 
clones and 13 human tgG4 positive clones were obtained. Fused cells from chimeric mouse #4 were treated in the 
same manner to obtain 4 positive clones with a large number of cells as human lgG1 producing clones. 
[0262] These results show that the immunization by human protein (HSA) of the chimeric mice derived from the 
endogenous antibody heavy-chain & lightnchain-deficient mouse ES cells retaining the human chromosome #14 partial 
fragment containing a human antibody heavy-chain gene increases the antibody titers of antigen specific human Ign, 
y and a to thereby enable the acquisition of hybridomas producing anti-HSA antibody containing u. chain and all of the 
human 7 chain subclasses. 

Example 62 

Transfer of human chromosome #2 (containing light-chain k gene) into the endogenous antibody heavy-chain and k 
chain-deficient ES cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

[0263] A human chromosome #2 fragment (containing antibody light-chain k gene) marked with a puromycin resist- 
ance gene was transferred into the endogenous antibody heavy-chain and k chain-deficient mouse ES cell clone 
HKD31 -8 obtained in Section 1 of Example 61 and which retained a human chromosome #14 fragment (containing an 
antibody heavy-chain gene). The method of transfer was by microcell fusion as described in Example 18. As a result, 
13 puromycin and G418 double-resistant clones were obtained. These clones were subjected to PCR analysis (see 
Example 18) using IgM and D14S543 primers (see Example 68) for the chromosome #14 fragment and V k 1 and 
FABP1 primers (see Example 12) for the chromosome #2 fragment. As a result, the presence of all the 4 markers was 
confirmed in 8 clones. Of these clones, KH 1 3 clone was subjected to FISH analysis using human chromosome-specific 
probes (see Examples 9 and 12). The results are shown in Fig. 34. Two independent, small chromosome fragments 
hybridizing to the probes were observed in KH13. These results show that KH13 retains both the chromosome #14 
fragment and the chromosome #2 fragment. 



Example 63 

Transfer of human chromosome #22 (containing light-chain X gene) into the endogenous antibody heavy-chain and k 
chain-deficient ES cells retaining a human chromosome #14 fragment (containing antibody heavy-chain gene) 

[0264] Human chromosome #22 (containing antibody light-chain X gene) marked with a puromycin resistance gene 
was transferred into mouse ES cell clone HKD31-8 obtained in Section 1 of Example 61 which was deficient in the 
endogenous antibody heavy-chain &k chain and which retained a human chromosome #14 fragment (containing an 
antibody heavy-chain gene). The method of transfer was by microcell fusion as described in Example 35. As a result, 
12 puromycin and G418 double drug-resistant clones were obtained. These clones were subjected to PCR analysis 
(see Example 35) using IgM and D14S543 primers for the chromosome #14 fragment and Ig X, D22S315, D22S275, 
D22S278, D22S272 and D22S274 primers (see Example 2) for the chromosome #22 fragment. As a result, the pres- 
ence of all of the 8 markers was confirmed in 10 clones. Of the remaining 2 clones, LH13 clone exhibited the presence 
of 5 markers, IgM, D14S543, Igl, D22S275 and D22S274. Thus, it is believed that this clone contains a fragment of 
human chromosome #22. LH13 was further subjected to FISH analysis using a human chromosome #22-speclfic probe 
and a human chromosome #14-specific probe separately. As a result, independent chromosome fragments hybridizing 
to the respective probes were observed. This indicates that this clone retains both a chromosome #14 fragment and 
a chromosome #2 fragment. 
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Example 64 

Production of endogenous antibody heavy-chain & light-chain-deficient mouse ES cells retaining three human 
chromosomes. #2 (containing antibody light-chain k gene), #14 (containing antibody heavy-chain gene) and #22 
(containing antibody X chain gene), or partial fragments thereof 

[0265] In order to obtain mouse ES cells retaining three kinds of human chromosomes, human chromosome #2 or 
#22 Is marked by inserting a marker gene such as blasticidin resistance (Izumi et al., Exp. Cell. Res., 197:229, 199.1), 
hygromycin resistance (Wind et al.. Cell, 82:321-. 1995). etc. This marking is performed according to the method 
described In Examples 16 and 26. Human chromosome #22 (containing human antibody light-chain X gene) marked 
with blasticidin resistance, hygromycin resistance, etc. is transferred into the mouse ES cell clone (from TT2F G418 
resistant puromycin resistant) obtained in Example 62 which is deficient in endogenous antibody heavy-chain & light- 
chain and which retains both human chromosome #14 (fragment) and human chromosome #2 (partial fragment). The 
method of transfer is by the method described in Example 9. As feeder cells for culturing ES cells, appropnate cells 
are selected depending on the selection marker used. When a hygromycin resistance marker is used, primary culture 
fibroblasts obtained from a transgenic mouse strain which retains and expresses the marker (Johnson et al., Nucleic 
Acids Research, vol! 23, No. 7, 1273-, 1995) are used. It is confirmed by PCR analysis, etc. (see Examples 9, 18 and 
35) that the resultant G41 8, puromycin and hygromycin (or blasticidin) triple drug-resistant clones retain thethree kinds 
of human chromosomes (fragments) described above. In the same manner, a human chromosome #2 fragment marked 
with a hygromycin or blasticidin resistance gene is transferred Into the mouse ES cell clone (from TT2F, G41 8 resistant 
puromycin resistant) obtained In Example 63 which is deficient in endogenous antibody heavy-chain & light-chain and 
which retains both human chromosome #14 (fragment) and human chromosome #22 (fragment). 



Example 65 

Production of chimeric mice from the endogenous antibody heavy-chain & light-chain genes-disrupted mouse ES cells 
retaining a plurality of human chromosomes (fragments) containing human antibody heavy-chain gene and light-chain 
gene, respectively 

(02661 Chimeric mice are produded by the same procedures as in Example 10, etc. from the endogenous antibody 
heavy-chain & light-chain genes-disrupted mouse ES cell clones that retain human chromosomes (fragments) con- 
taining human antibody genes and which were obtained in Examples 61 , 62, 63 and 64. In the resultant chimeric mice, 
mouse antibodies produced in host embryo-derived B cells and human antibodies produced mainly in ES cell clone- 
derived B cells are detected by the method described in Examples 14, 23 and 32. Since the antibody heavy-chain gene 
and the light-chain k gene which are both functional in the ES cell clone-derived B cells are only human-derived genes 
on the transferred chromosomes, many of the ES cell clone-derived B cells produce human antibody heavy-chain and 
light-chain k (Lonberg et al.. Nature. 368:856-, 1 994). Furthermore, complete human antibody molecules in which both 
heavy- and light-chains are derived from human are also detected by the method described in Examples 37 and 38. 

(1) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
cells retaining both a human chromosome #14 fragment (containing antibody heavy-chain gene) and a human 
chromosome #2 fragment (containing antibody light-chain k gene) 

[0267] Chimeric mice were produced by the same procedures as in Example 10, etc. from mouse ES cell clone KH1 3 
obtained in Example 62 which is deficient in the endogenous antibody heavy-chain and Kchain genes and which retains 
both a human chromosome #14 fragment (containing an antibody heavy-chain gene) and a human chromosome #2 
fragment (containing light-chain k gene). As a result of transplantation of a total of 176 injected embryos. 20 offspring 
mice were born. Chimerism in the offsprings can be determined by the extent of TT2 cell-derived agouti coat color 
(dark brown) in the host embryo (ICR)-derived albino coat color (white). Out of the 20 offsprings, 7 mice were recognized 
to have partial agouti coat color, indicating the contribution of the ES cells. 

[0268] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
mouse ES cell clone retaining both a human chromosome #14 fragment (containing an antibody heavy-chain gene) 
and a human chromosome #2 fragment (containing light-chain k gene) maintains the ability to produce chimera, that 
is, the ability to differentiate into normal tissues of mice. 
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(2) Production of chimeric mice from the endogenous antibody heavy-chain and k chain genes-disrupted mouse ES 
ceils retaining both a human chromosome #14 fragment (containing antibody heavy-chain gene) and a human 
chromosome #22 fragment (containing light-chain X gene) 

5 [0269] Chimeric mice were produced by the same procedures "as in Example 10, etc. from mouse ES cell clone 
LH13 obtained in Example 63 which is deficient in the endogenous antibody heavy-chain and k chain genes and which 
retains both a human chromosome #1 4 fragment (containing an antibody heavy-chain gene) and a human chromosome 
#22 fragment (containing light-chain X gene). As a result of transplantation of a total of 114 injected embryos, 22 
offspring mice were born. Chimerism in the offsprings can be determined by the extent of TT2 cell-derived agouti coat 

10 color (dark brown) in the host embryo (ICR)-derived albino coat color (white). Out of the 22 offsprings, 5 mice were 
recognized to have partial agouti coat color, indicating the contribution of the ES cells. 

[0270] From these results, it was confirmed that the endogenous antibody heavy-chain and k chain genes-disrupted 
mouse ES cell clone retaining both a human chromosome #14 fragment (containing an antibody heavy-chain gene) 
and a human chromosome #22 fragment (containing light-chain X gene) maintains the ability to produce chimera, that 
is is, the ability to differentiate into normal tissues of mice. 

(3) Detection and quantitative determination of complete human antibody in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #2 partial 
fragment and a human chromosome #14 partial fragment 

20 

[0271] The chimeric mice (derived from KH13) produced in Section 1 of Example 65 were bled at day 40 after birth. 
The concentrations of human antibody in the sera were determined by ELISA in the same manner as in Example 14. 
Briefly, ELISA plates were coated with PBS-diluted anti-human immunoglobulin k chain antibody (Kirkegaard & Perry 
Labolatories Inc. , 01 -1 0-1 0) or anti-human immunoglobulin k chain antibody (Vector, AI-3060) and then serum samples 

25 diluted with mouse serum (Sigma, M5905)-supplemented PBS were added. Subsequently, peroxidase-labeled anti- 
human immunoglobulin u chain antibody (The Binding Site Limited, MP008) or peroxidase-labeled anti-human immu- 
noglobulin 7 chain antibody (Sigma, A0170) was added and incubated. TMBZ (Sumitomo Bakelite, ML-1120T) was 
added as a peroxidase substrate and then enzyme activity was determined by absorbance measurement at 450 nm. 
Purified human immunoglobulins IgM (Caltag, 13000) and IgG (Sigma, I4506) of known concentrations having \l chain 

30 and k chain were used as standards for determining human antibody concentrations in the sera by comparison. These 
standards were diluted stepwise with mouse serum-supplemented PBS. The results are shown in Table 21 . Chimeric 
mice were confirmed that had concentrations of complete human antibody more than 10 times higher than in chimeric 
mice derived from ES cells whose endogenous antibody genes were not knocked out. Also, complete human antibody 
containing human y chain was confirmed in the sera of the chimeric mice. 

35 [0272] From these results, it was confirmed that the concentration of complete human antibody In which both heavy- 
and light-chains were derived f rom human increasesed in the chimeric mice derived from the endogenous antibody 
heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 partial fragment and a 
human chromosome #22 partial fragment. 



Table 21. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM, k (mg/i) 


IgG, k (mg/l) 


KH13 


CKH13-1 


95 


0.1 


0.07 


KH13 


CKH13-2 


85 


0.9 


0.13 



(4) Detection and quantitative determination of complete human antibody in sera of the chimeric mice derived from the 
endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 
partial fragment and a human chromosome #22 partial fragment 

[0273] The chimeric mice (derived from KH13) produced in Section 2 of Example 65 were bled at day 49 after birth. 
The concentrations of human antibody in the sera were determined by ELISA in the same manner as In Example 14. 
Briefly, ELISA plates were coated with PBS-diluted anti-human immunoglobulin X chain antibody (Kirkegaard & Perry 
Labolatories Inc. , 01 -1 0-1 1 ) or anti-human Immunoglobulin X chain antibody (Vector, AI-3070) and then serum samples 
diluted with mouse serum (Sigma, M5905)-supplemented PBS were added. Subsequently, peroxidase-labeled anti- 
human immunoglobulin ji chain antibody (The Binding Site Limited, MP008) or peroxidase-labeled anti-human immu- 
noglobulin y chain antibody (Sigma, A0170) was added and incubated. TMBZ (Sumitomo Bakelite, ML-1120T) was 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



added as a peroxidase substrate and then enzyme activity was determined by absorbance measurement at 450 nm. 
Purified human immunoglobulins IgM (Caltag, 1 3000) and IgG (Sigma, 1 4506) of known concentrations having \l chain 
and k chain were used as standards for determining human antibody concentrations in the sera by comparison. These 
standards were diluted stepwise with mouse serum-supplemented PBS. The results are shown in Table 22. Chimeric 
mice individuals were confirmed that had concentrations of complete human antibody about 40 times higher than in 
chimeric mice derived from ES cells whose endogenous antibody genes were not knocked out. Also, complete human 
antibody containing human y chain was confirmed in the sera of the chimeric mice. 

[0274] From these results, it was confirmed that the concentration of complete human antibody in which both heavy- 
and light-chains were derived f rom human increasesed in the chimeric mice derived from the endogenous antibody 
heavy-chain and k chain-deficient mouse ES cells retaining both a human chromosome #14 partial fragment and a 
human chromosome #22 partial fragment. 

Table 22. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


IgM, X (mg/l) 


IgG, X (mg/l) 


LH13 


CLH13-1 


95 


13 


2.6 


LH13 


CLH13-2 


90 


2.8 


0.36 



Example 66 

Production of complete human antibody-producing hybridomas from chimeric mice prepared by transferring the 
endogenous antibody heavy<;hain and light-chain-deficient mouse ES cells retaining both a human chromosome #14 
partial fragment and a human chromosome #22 partial fragment into immunodeficient mouse host embryos 

[0275] A chimeric mouse CLH13-3 (derived from TT2FES clone LH13; chimeri sm 35%) obtained in Section 3 of 
Example 67 was immunized with HSA from day 43 after birth. Briefly, human serum albumin (HSA, Sigma, A3782) 
dissolved in PBS was mixed with an adjuvant (MPL+TDM Emulsion, RIBI Immunochem Research Inc.) to prepare a 
HSA solution with a concentration of 0.25 mg/ml, 0.2 ml of which was administered intraperitoneally twice at an interval 
of 1 week. One week thereafter, the mouse was immunized with human serum albumin dissolved in PBS. The mouse 
was bled every 1 week to determine the concentrations of anti-HSA human antibodies in the serum by ELISA in the 
same manner as in Example 14. The results are shown in Fig. 35. The spleen was removed from the chimeric mouse 
at day 3 after the final immunization and then cell fusion was performed using PEG in the same manner as in Example 
24 to prepare hybridomas. Briefly, the fused cells were diluted with a medium (Sanko Pure Chemical, S Cloning Medium 
CM-B) containing HAT (Dainippon Pharmaceutical Co., Ltd., No. 1 6-808-49) or 1 mg/ml of G41 8 to give a concentration 
of 1 0 6 spleen cells/ml and then dispensed into 96-well plates (1 00 uJ/well), followed by cultivation. Both of the selection 
media contained 5% HCF (Air Brown). At day 6 of the cultivation, colonies were formed in almost all wells in both the 
G418 selection and HAT selection plates. A total of about 770 hybridoma-positive wells were obtained. The culture 
supernatants were collected and subjected to screening for human antibody-producing hybridomas by ELISA in the 
same manner as in Example 1 4. Briefly, ELISA plates were coated with anti-human immunoglobulin X chain antibody 
(Vector, AI-3070). Biotin-labeled anti-human immunoglobulin X chain antibody (Vector, BA-3070) and an avidin-perox- 
idase complex (Vector ABC Kit PK4000) were used for detection with TMBZ (Sumitomo Bakelite, ML-1120T) used as 
a substrate. An absorbance about 2 times higher than the absorbance in the negative control was used as a criterion 
for judgement. As a result, 1 7 positive wells were obtained. The cells of the positive wells were transferred into 24-well 
plates and cultured in IMDM medium containing 10% FBS. The culture supernatants were analyzed by ELISA in the 
same manner as in Section 4 of Example 65. As a result, the presence of 0.09-11 mg/ml of complete human antibody 
having both human Igu. & IgX was confirmed in 1 6 wells. The antibody titer of anti-HSA human X chain was determined 
in the same manner as in Example 33 to obtain one positive well. The cells of the well which was complete human 
antibody-positive and anti-HSA human X chain-positive were cloned by limiting dilution according to the method de- 
scribed in Ando, "Monoclonal Antibody Experiment Procedure Manual", published by Kodansha Scientific in 1991 . As 
a result, 2 clones of anti-HSA human X chain -positive hybridomas were obtained. 

[0276] From these results, it was confirmed that complete human antibody-producing hybridomas could be obtained 
from chimeric mice prepared by transferring the endogenous antibody heavy-chain and light-chain-deficient mouse 
ES cells retaining both a human chromosome #14 partial fragment and a human chromosome #22 partial fragment 
into immunodeficient mouse host embryos. Furthermore, it was confirmed that the antibody titers of antigen-specific 
human Igu. and \gX increased in response to the stimulation with the HSA antigen. It was further confirmed that hybri- 
domas producing a HAS-specific antibody consisting of human Igu. and IgX could be obtained from this chimeric mouse. 
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[02771 Since the fused cells had a drug resistance marker on their chromosome, It was possible to select hybridomas 
using G41 8 without adding HAT. After G418 selection, only those cells having a human chromosome grow and, thus, 
hybridomas can be obtained selectively. Also, it is expected that a human chromosome can be prevented from falling 

SrSermonTn is expected that even myeloma cells unsuitable for HAT selection such as those having HGPRT (hy- 
poxanthine-guanine-phosphoribosyltransferase) enzyme may become available for cell fusion. 

Example 67 

Production of chimeric mice with heavy-chain gene-disrupted host embryos 

[02781 From those mice exhibiting agouti coat color among the progeny of the endogenous antibody heavy-chain 
one allele-disrupted TT2F cell clone - derived chimeric mice produced in Example 49, mice retaining the disrupted 
allele are selected by Southern blot analysis (Example 49) or the like (the expected possibility is 1/2). Offsprings born 
by the mating of those antibody heavy-chain-deficient heterozygous male and female mice are subjected to Southern 
blot analysis (see Example 49), analysis of the production of antibody heavy-chains in sera (Kltamura et al.. Nature 
350 423- 1 991) etc Thus, antibody heavy-chain-deficient homozygotes can be obtained which are deficient in both 
alleles and which can hardly produce functional antibodies of their own (the expected possibility is 1/4; for the results 
in membrane-type u. chain-deficient mice, see Kitamura et al., Nature, 350:423-, 1991). 

(1) Establishment of an antibody heavy-chain knockout mouse strain 

[02791 Those mice that exhibited agouti coat color among the progeny of the endogenous antibody heavy-chain one 
allele-disrupted TT2F cell clone-derived chimeric mice produced in Example 49 were subjected to Southern blot anal- 
ysis (Example 49) to select those mice that retained the disrupted allele. Offsprings bom by the mating of these ant.body 
heavy-chain-deficient heterozygous male and female mice were subjected to Southern blot analysis (see Example 49) 
and analysis of the production of antibody u chain in sera (Kitamura et al., Nature, 350:423-, 1991), etc. As a result 
antibody heavy-chain-deficient homozygotes could be obtained which were deficient in both alleles and which could 
hardly produce functional antibodies of their own (for the results in membrane-type u chain-deficient mice, see Kitamura 
et al., Nature, 350:423-, 1991). 

[0280] Thus, an antibody heavy-chain knockout mouse strain could be established from the antibody heavy-chain 
one allele-disrupted TT2F cell clone. 

[0281 1 Embryos obtained by mating the homozygous male and female mice bred in a clean environment may be 
used as hosts for producing chimeric mice. In this case, most of the B cells functional in the resultant chimeric mice 
are derived from the injected ES cells. Other mouse strains which cannot produce their own functional B cells, such 
as RAG-2-deficient mouse (Sinkai et al., Cell, 68:855-, 1 992), may also be used forthis purpose. In this system, chimeric 
mice are produced by the same procedures as in Example 10, etc. using the mouse ES cell clone trom Examples 62, 
63 or 64 which is deficient In endogenous antibody heavy-chain & light-chain and which retains human chromosomes 
#14+#2 #14+#22 or #14+#2+#22 (fragments). The resultant chimeric mice mainly produce human antibodies by the 
expression of human antibody heavy-chain (on chromosome #14). light-chain k (on chromosome #2) and light-chain 
X (on chromosome #22) genes that are functional in ES cell-derived B cells. 

(2) Detection and quantitative determination of complete human antibody in sera of the chimeric mice produced by 
injecting the endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human 
chromosome #2 partial fragment and a human chromosome #14 partial fragment into immunodeficient mouse host 
embryos 

[02821 Chimeric mice were produced In the same manner as in Section 1 of Example 65 by injecting the ES cell 
clone KH10 from Example 62 into the embryos obtained by mating male and female mice of the antibody heavy-chain 
knockout mouse strain established in Section 1 of Example 67. Seven-week old resultant chimeric mice were bled to 
determine the concentrations of human antibodies in the sera by ELISA in the same manner as In Example 14 and 
Section 3 of Example 65. The results are shown in Table 23. Complete human antibodies having human u chain + k 
chain and human ychain + k chain, respectively, were confirmed in the sera of the chimeric mice. It was also confirmed 
that by transferring ES cells into immunodeficient host embryos, complete antibodies could be obtained even In the 
resultant chimeric mice of low chimerism since B cells are differentiated only from ES cells. 
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Table 23. 
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Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


lgM,K(mgfl) 


IgG, k (mg/l) 


KH13 
KH13 


CKH10-1 
CKH10-2 


6 
3 


6.1 
1.9 


0.17 
0.4 



(3) Detection and quantitative determination of complete human antibody in sera of the chimeric mice produced by 
Medina the endogenous antibody heavy-chain and k chain-deficient mouse ES cells retaining both a human 
chromosome #14 partial fragment and a human chromosome #22 partial fragment into immunodeficent mouse host 
embryos 

102831 Chimeric mice were produced in the same manner as in Section 2 of Example 65 by injecting the ES cell 
clone LH1 3 from Example 62 into the embryos obtained by mating male and female mice of the antibody heavy-chain 
knockout mouse strain established in Section 1 of Example 67. Five-week old resultant chimeric mice were bled to 
determine the concentrations of human antibodies in the sera by ELISA in the same manner as In Example 14 and 
Section 4 of Example 65. The results are shown in Table 24. Complete human antibodies having human u. chain + X 
chain and human y chain + X chain, respectively, were confirmed in the sera of the chimeric mice. 

Table 24. 



Concentrations of Human Antibodies in Chimeric Mice (ELISA) 


ES clone 


Chimeric mouse 


Chimerism (%) 


lgM,X(mg/1) 


LH13 


CLH13-3 


35 


51 


LH13 


CLH13-4 


85 


32 


LH13 


CLH13-4 


30 


27 



30 Example 68 

Retention of the human chromosome in offsprings of human chromosome #14 fragment (containing antibody heavy- 
chain gene)-transferred ES cell-derived chimeric mice 

(1 ) Isolation of human-mouse hybrid cells retaining a human chromosome #14 fragment containing an antibody heavy 
chain gene 

f02841 It was observed in Example 42 that a human chromosome #2 fragment transferred into mice was transmitted 
to their progeny. Thus, it is expected that the possibility of transmission of human chromosome #14 to progeny • wl I be 
increased S a fragment of this chromosome is used. A9/#14 clone (Example 9; corresponding to A9/14-C11 clone 
described in Tomizuka et al.. Nature Genet, vol 1 6. 1 33-1 43 (1 997)) retaining an intact human chromosome # 1 4 marked 
with a G41 8 resistance gene was subjected to a more detailed FISH analysis (Example 9). As a result it was observed 
that about 10% of the cell population contained only a very small, fragmented human chromosome #14. This chromo- 
som! figment Is almost of the same size as the chromosome #2 fragment (Example 12) and bel.eved to contain the 

fotsBl^lHrd^^iolate the cell clones containing the fragmented human chromosome #14. (about 300) A9/#14 
cells were seeded on 10 cm plates and cultured. At day 10 of the cultivation, 31 colonies were picked up. Genomic 
DNAs were prepared from these clones and subjected to PCR analysis in the same manner as in Examp e ,9 us.ng 
chromosome #14 specific primers (the 18 primers shown in Example 9 were used except PCI and NP . Out of the 16 
primerTonly IgM, IGG1, IGA2 and IGVH3 were found in one clone (A9/SC20). Since D14S543 (Science. HUMAN 
GENETIC MAP (1 994); the base sequence was obtained from databases of GenBank, etc.) which is a marker located 
nearthehumanch ro mosome#14longarmtelomerewasalsodete C tedinthe C lone,thefragmentofinterest(here,natter 

referred to as -SC20 fragment") retained in the clone is believed to contain a region adjacent to the chromosome #14 
telomere and which contained an antibody heavy-chain gene. 

02861 "So fragment was subjectedto FISH analysis (Tomizuka et al.. Nature Genet, vol 16, 133-143 (1997)) using 
a human chromosome-spec^c probe. As a resutt, it was observed that the size of 

hybridized to the probe was smaller than in the control clone (containing an intact chromosome #14). Thus, It was 
confirmed that A9/SC20 contained a fragment of human chromosome #14. 
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[0287] Further, in order to examine whether SC20 fragment contained a human chromosome # 1 4-derived centromere 
sequence chromosome samples from A9/SC20 cells were hybridized to digoxigenin-11-dUTP-labeIed human chro- 
mosome #14 or #22-specific a satelite DNA (purchased from COSMOBIO) which was used as a probe, followed by 
FISH analysis according to the method described in a reference (Tomizuka et al., Nature Genet, vol 1 6, 1 33-1 43 (1 997)). 
As a result, a signal hybridizing to the above probe was confirmed. Thus, it has become clear that SC20 fragment 
contains a human-derived centromere sequence (Fig. 36). 

(2) Transfer of human chromosome #14 (fragment) into TT2F cells and stable retention of the chromosome therein 

[0288] A human chromosome #14 fragment was microcell-transferred into TT2F cells using A9/SC20 as a chromo- 
some donor cell in the same manner as in Example 9. As a result of G418 (300 |igfrnl) selection, 5 resistant clones 
were obtained. These ES cell clones were subjected to PCR analysis (Example 68, Section 1) and FISH analysis (using 
human chromosome-specific probes; Tomizuka et al.. supra) to confirm the retention of a human chromosome #14 
fragment. The results of the FISH analysis are shown in Fig. 37. 

[0289] Stable retention of transferred human chromosomes in mice is important for efficient expression of the trans- 
ferred genes and efficient transmission of the transferred chromosomes to their progeny. Since selection by addition 
of drugs is impossible after an ES cell clone has been injected into host embryos, it is desired that transferred human 
chromosomes be retained stably even under non-selective conditions. 

[0290] TT2F(SC20)-21 clone containing SC20 fragment was cultured in a medium not containing G418 for a long 
period to examine the retention of SC20 fragment under this condition. 

[0291] Briefly, TT2F(SC20)-21 clone was cultured in a selective medium (G418: 300 u.g/ml) for 1 week and then 
subcultured in a non-selective medium for 45 days (subcultured every other day with 8-fold dilution). At day 0, 15, 30 
and 45 of the subculture, 300-1000 cells were seeded in six 35 mm plates, three of which contained the selective 
medium and the other three non-selective medium. The cells were cultured in these plates for about 1 week and then 
the colonies were counted. Chromosome retention ratio (A/B) was calculated by dividing the total number of colonies 
in the 3 plates under selective conditions (A) by the total number of colonies in the 3 plates under non-selective con- 
ditions (B). For the purpose of comparison, an experiment was conducted using P-21 clone (Example 40) containing 
W23 fragment derived from human chromosome #2 in the same manner as described above (the selective medium 
contained 0.75 ug /ml of puromycin). The results are shown in Fig. 38. The values shown in Fig. 38 are average values 
from 3 independent experiments. SC20 fragment exhibited a high retention ratio of 95% or above even after the 45 
day cultivation under non-selective conditions. On the other hand, W23 fragment exhibited a retention ratio of 14% 
under identical conditions. , , . 

[0292] There have been reports of the transfer of a human Y chromosome-derived artificial chromosome (containing 
human Y-derived centromere) into CHO (hamster fibroblasts), DT40 (chicken B lymphocytes) and mouse ES cell (Shen 
et al., Hum. Mol. Genet. 6, 1375-1382). Under non-selective cultivation, the artificial chromosome was retained stably 
in CHO and DT40. In mouse ES cells, however, only the chromosome which accidentally acquired the mouse centro- 
mere as a result of rearrangement was retained stably. From these results, an opinion was proposed that a human- 
derived centromere is unstable in mouse ES cells (Shen et al., supra) . 

[0293] The results described above show that SC20, though it contains a human-derived centromere (Example 68, 
Section 1), is very stable in mouse ES cells. Since the retention of W23 fragment (which is also suggested to contain 
a human-derived centromere) (Tomizuka et al., supra) in mouse ES cells appeared to be unstable, it is considered that 
the stability of human-derived chromosomes in mouse ES cells varies depending on the type of the chromosome. 
[0294] From these results, it wasdemonstrated that SC20 fragment is very useful as a vector for transferring a gene 
into mice. 

(3) Production of chimeric mice from the ES cell clone retaining human chromosome #14 (fragment) 

[0295] Cells in the frozen stock of G418 resistant ES cell clone TT2F(SC20)-21 which was obtained in Example 68, 
Section 2 and which was confirmed to retain a human chromosome #14 fragment were thawed, started up for culture 
and injected into 8-cell stage embryos obtained by mating male and female mice of ICR (CREA JAPAN, INC.); the 
injection rate was 10-12 cells per embryo. After the embryos were cultured overnight In the medium for ES cells (see 
Example 9) to develop into blastocysts, about 10 of the injected embryos were transplanted to each side of the uterus 
of foster mother ICR mice (CREA JAPAN, INC.; 2.5 days after pseudopregnant treatment). 

[0296] As a result of transplantation of a total of 188 injected embryos, 22 offspring mice were born. Chimerism in 
the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) In the host embryo 
(lCR)-derived albino coat color (white). Out of the 22 offsprings, 20 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 20 mice, two were chimeric mice in which their coat color 
was complete agouti (i.e. ES cell-derived). 
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^ tim** that p<^ rpii clone TT2F(SC20)-21 retaining a human chromosome #2 

14. The results are shown in Table 25. 
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Table 25. 


mnrentrations of Human Antibody Heavy-Chains in ommenc 


: Mice (ELISA) 


Chimeric mouse 


Chimerism (%) 


IgM (mg/l) 


IgG (mg/l) 


C14m-16 
C14m- 17 


100 
100 


7.9 
6.0 


1.0 
1.3 



is functional. 

antibody u chain and 7 chain in sera of the progeny 

derived oocytes in the chimeric mice fertilized ^' C ^^JJ2 mice. Actually, all of the viable 
with albino coat color should be produced from CR-denve d o^«J" th • ^ c ™£ indlc J ng efficient trans- 
offspring mice obtained by this mating (30 ,n ^^^^S^^m of these oispring mice to 
mission of ES cells to the germ cell lineage. Ge o^ DN^ we, cation was performed using the three 

examine the retention of a human chromosome fragment y _PCR PC ^ P ^ a resu|t _ tne presence 

from the oocytes. u„ mQ „ a niihndies laM and laG in sera were performed on 9 out 

[0301] Detection and quantitative determination o human ant.bod.es anfl 'JJ 1 as described below. About 
ofthelOoffspringmicewhichwerecon^^^^ 

4-B week-old mice were bled to detect human ant.body vi cha.n ^and J chain oy fcL ^ 

mice. 

Table 26. 
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rnnnpmrations of Hum an Antibodies IgM and IgG in ChimericMice (ELISA) 



Mother Chimeric Mouse 



C14m-16 
Cl4m-16 
C14m-16 
C14m-16 
C14m-17 
C14m-17 
C14m-17 
C14m-17 
C14m-17 



Mouse Individual No. 


IgM (mg/l) 


IgG (mg/l) 


16-5 


12.9 


2.2 


16-14 


3.5 


2.2 


16-16 


4.1 


2.0 


16-17 


5.5 


3.9 


17-7 


5.7 


1.0 


17-8 


3.6 


1.2 


17-19 


3,5 


0.75 


17-22 


2.4 


1.4 


17-23 


5.3 


1.9 
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[0302] Further, 3 male mice and 4 female mice in the F1 progeny were mated with MCH(ICR) mice (purchased from 
CREA JAPAN, INC.) to obtain F2 progenies, which were subjected to PGR analysis of tail DNA and analysis for human 
antibody \i chain expression as described above. As a result, it was confirmed that SC20 fragment was transmitted to 
30% of the F2 progeny through F1 male mice (43 out of the 1 42 offsprings were positive) and to 33% of the F2 progeny 
5 through F1 female mice (20 out of the 60 offsprings were positive). 

[0303] These results show that a mouse strain was established which retains the human chromosome #14 fragment 
(containing a human antibody heavy chain gene), which expresses human antibody heavy-chains and which can trans- 
mit the human chromosome to the subsequent generation. 

10 (5) Stable retention of a human chromosome #1 4 fragment in mice 

[0304] Three F1 mice (1 6-5, 1 7-8 and 1 7-23 shown in Table 26) which were obtained in Example 68, Section 4 and 
which retained SC20 fragment were used in analysis for the ratio of retention of SC20 fragment in mice. The mice were 
injected intraperitoneal^ with 0.3 ml of CORCEMID( 1 00 ng/ml) and then killed by dislocation of the cervical vertebrae 

is in an euthanasic manner, followed by removal of the brain, liver, spleen, testis and bone marrow. All of these tissues 
except the bone marrow were washed with PBS(-), cut into pieces with scissors for anatomy, given hypotonic treatment 
with KCI (0.075 M) for 15 minutes, and fixed in Carnoy's fixative. Specimens were prepared using the supernatant of 
the Carnoy fixation by conventional methods. FISH analysis was performed using a human chromosome-specific probe 
(Human COT-1 DNA) according to the method described in a reference (Tomizukaetal., Nature Genetics, 16, 133-143). 

20 As to the brain, spleen, liver and bone marrow, 30 or more nuclei in interphase were selected randomly for each of 
these tissues. Then, the number of nuclei in which a signal was detected (mark V in Fig. 39) and the number of nuclei 
in which a signal was not detected (mark in Fig. 39) were counted to calculate the retention ratio. The testis were 
classified into the 1st meiosis phase spreads, the 2nd meiosis phase spreads and sperms. Ten or more spreads or 
sperms were selected for each group and then counting was performed in the same manner as described above to 

25 calculate the retention ratio. As a result, all of the 3 mice exhibited a retention ratio of almost 100% in the brain and 
liver. A decrease in the retention ratio was observed in the bone marrow and spleen. In the testis, a retention ratio of 
80-1 00% was obtained for the 1 st meiosis phase spreads, and a retention ratio of 30-50% for sperms. Assuming that 
SC20 fragment is retained stably, the theoretical retention ratio should be 1 00% for the 1st meiosis phase spreads and 
50% for the 2nd meiosis phase spreads and sperms. Thus, it is believed that SC20 fragment is retained stably in the 

30 testis. 

[0305] At the same time, fibroblasts were prepared from the tail and then the ratio of retention of SC20 fragment was 
examined in the same manner as in Example 79. As a result, the retention ratios in mice 16-5, 17-8 and 17-23 were 
98%, 96% and 98%, respectively (50 nuclear plate were tested for each mouse). 

35 (6) Hereditary relief of antibody production ability-deficient mice by the transfer of a human chromosome #14 fragment 
(containing antibody heavy-chain gene) 

[0306] The knockout mouse whose antibody u, chain gene essential for the generation of B lymphocytes is disrupted 
(Section 1 , Example 67) cannot produce antibody because the mouse is deficient in mature B lymphocytes responsible 

40 for humoral immunity. The following experiment was conducted to examine as to whether this deficiency could be 
relieved by transferring SC20 fragment (containing a human antibody heavy-chain gene) by mating. 
[0307] Those mice exhibiting agouti coat color among the progeny obtained by mating the endogenous antibody 
heavy-chain one allele-disrupted TT2F cell clone-derived chimeric mice from Example 49 wittvMCH(lCR) mice were 
subjected to Southern blot analysis to select mice retaining the disrupted allele. Af emale antibody heavy-chain-deficient 

« heterozygote thus selected was mated with a male F1 offspring (17-7) which was obtained in Example 68, Section 4 
and which retains SC20 fragment. The resultant 5 offspring mice were subjected to both PCR analysis for confirming 
the retention of SC20 fragment and determination of human antibody u, chain and y chain in the sera (see Example 
68, Section 4). As a result, it was confirmed that three mice #2, #3 and #5 retained SC20 fragment (Table 27). Further- 
more, as a result of the analysis for mouse antibody u. chain expression (Example 75), it was demonstrated that mice 

so #2 and #3 are mouse p. chain-negative, that is, endogenous antibody heavy-chain-deficient homozygotes (Table 27). 
These results were consistent with the results of Southern blot analysis (see Example 49) using the DNAs prepared 
from the tails of the 5 mice. Compared to mouse #1 in which neither mouse nor human antibody heavy chain was 
detected, very high concentrations of human antibody u, chain (310 mg/l) and y chain (860 mg/l) were detected in mouse 
#3 which is antibody heavy-chain-deficient homozygote and which retains the human chromosome #14 fragment. 

55 Further, quantitative determination of human y subclasses was performed on mouse #3 in the same manner as in 
Example 29 to detect all of the 4 subclasses {y 1 , 7 2, y 3 and y 4). In particular, the concentration of human u, chain in 
this mouse is comparable to the concentration of mouse u. chain in wild-type mice (Mendez et al., Nature Genet. 15, 
146-156 (1977)). These results show that the symptom of inability for antibody production because of disruption of 
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^S^ZXZZZ^ .bill., to produc .nd ,h. » P»*» » 



Mouse No. 


Retention of SC20 Fragment 


Mouse u. Chain 


Human IgM (mg/1) 


Human IgG (mg/l) 


1 






Below detection limit 


0.33 




+ 


8.4 


5.3 


2 


+ 




310 


860 


3 


+ 


+ 


Not measured 


Not measured 


4 

5 


+ 


+ 


4.8 . 


0.86 



in offsprings of human chromosome #22 (f ragment)-translerred ES cell-derived 



5 



Example 69 

Retention of the human chromosome 
chimeric mice 

(1) Fragmentation of human chromosome #22 using microcell fusion 

offspring mice. When a human chromosome Is transfe h rr ^' n e t ° r !JX^ has been fragmented at the time of fusion 

Lome donor cel. and wild-type mouse A9 cells as a ^^^^^^^SS^v^^e^ 
clones. GenomicDNAs were preparedfromtheresuttan^ 

2). Sixty-seven clones which reta.ned human l 9 ^^Jjgf D2 2S280 D22S278 .D22S2B3, D22S272, 
markers located on human chromosome #22 (D22S315, rezw/s , u • vol. 377, 367-379 (1 995); 

D22S282 and D22S274; for the order of .ocafon on """^0^ as GenBank A^ a resuK K was found that 
base sequences forthes^ 

apartotthemarke^disappeared ^ nave a fairly small fragment, because 

clones (Fig^ 40) . Among 1 th^L and markers other than .g X disappeared in the latter 
markers other than Ig X and ^ 3 ?f o ^ ~2wte see Example 18) using a human chromosome-specific probe. 

(2) Transfer of chromosome #22 (fragment) into TT2F cells 
as in Example 69, Section 1 . 

(3) Production ol cMmrtc mice from ES cell clones retailing human chromosome .22 (.-.gmen.) 

io3ii] m»,e 5 . — »^*Trr m tz:r" 

described in Example 4. 
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(4) Transmission of human chromosome #22 (fragment) to offsprings 

[0312] The chimeric mice retaining human chromosome #22 (fragment) are mixed and mated with ICR mice. Re- 
tention of a human chromosome #22 fragment in the offsprings is examined by PCR using genomic DNAs prepared 
5 from the tails of the offspring mice having agouti coat color (see Examples 30, 42 and 43). As shown in Examples 42 
and 43, mouse ES cell clones retaining human chromosome #22 or a fragment thereof can differentiate into oocytes 
or sperms functional in chimeric mice, thereby allowing to the human chromosome #22 (fragment) to be transmitted 
their progenies. Thus, it is possible to establish a mouse strain which retains human chromosome #22 (fragment) 
containing human antibody light-chain X gene and which can transmit it to the subsequent generation. 

10 

Example 70 

Production of mice retaining both human chromosome #2 (fragment) and #14 (fragment) by mating 

15 [031 3] The human chromosome #2 (f ragment)-retaining mouse strain from Example 42 or 43 is mated with the human 
chromosome #14 (fragment)-retaining mouse strain from Example 68 to produce offsprings. Genomic DNAs are pre- 
pared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Examples 9 t 42 and 43) to produce those 
mice which retain both human chromosome #2 partial fragment and human chromosome #14 (fragment). 

20 Example 71 

Production of mice retaining both human chromosome #22 (fragment) and #14 (fragment) by mating 

[0314] The human chromosome #22 (fragment)-retaining mouse strain from Example 69 is mated with the human 
25 chromosome #14 (fragment)-retaining mouse strain from Example 68 to produce offsprings. Genomic DNAs are pre- 
pared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Examples 30, 42 and 43) to produce 
those mice which retain both human chromosome #22 (fragment) and #14 (fragment). 

Example 72 

30 

Production of mice retaining the three human chromosomes #2 (fragment), #14 (fragment) and #22 (fragment) by 
mating 

[0315] The mouse strain retaining both human chromosome #2 (fragment) and #14 (fragment) obtained in Example 
35 71 is mated with the mouse strain retaining a human chromosome #2 fragment obtained in Example 42 or 43 to produce 
offsprings. Genomic DNAs are prepared from the tails of the offspring mice. The DNA is analyzed by PCR, etc. (Ex- 
amples 9, 30, 42 and 43) to produce those mice which retain all of the three human chromosomes, #22 (fragment), 
#14 (fragment) and #2 (fragment). Alternatively, mice retaining alt of the above three human chromosomes may also 
be obtained by mating the mouse strain retaining both human chromosome #2 (fragment) and #14 (fragment) from 
40 Example 70, with the mouse strain retaining a human chromosome #22 fragment from Example 69. 

Example 73 

Production of a complete human antibody-producing mouse strain by mating 

45 

[0316] The mouse strains retaining human chromosomes #2+#14 (Example 70), #14+#22 (Example 71) and 
#2+#14+#22 (Example 72), respectively, are repeatedly mated with a mouse strain deficient in endogenous antibody 
heavy-chain and light-chain k genes. From the resultant offsprings, those mouse strains which retain human chromo- 
somes #2+414, #14+#22 or #2+#14+#22 and which are homozygotes in the deficiency of endogenous antibody heavy- 
so chain and light-chain k genes, are selected by PCR analysis, etc. (Examples 9, 30, 42 and 43). In these strains, complete 
human antibodies are mainly produced (Green et al. t Nature Genetics, 7:13-, 1994; Lonberg et al., Nature, 368:856-, 
1994). 

[0317] Hereinbelow, the establishment of a mouse strain which retains both a human chromosome #2 fragment and 
a human chromosome #14 fragment and which is homozygote in the deficiency of endogenous antibody heavy-chain 
55 and light-chain < genes will be described. The 4 strains used for the mating and the method for assaying the genotypes 
of each strain are as follows. 

(1) The mouse strain from Example 42 retaining a human chromosome #2 fragment: the retention of the human 
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chromosome #2 fragment is assayed by PCR analysis of the tail-derived DNA as described in Example 42 and by 
the expression of human antibody k chain in the sera. 

(2) The mouse strain from Example 68, Section 4 retaining a human chromosome #14 fragment: the retention of 
the human chromosome #14 fragment is assayed by PCR analysis of the tail-derived DNA as described in Example 
68, Section 4 and by the expression of human antibody u. chain in the sera. 

(3) The antibody heavy-chain knockout mouse strain from Example 67, Section 1 : heavy-chain deficiency-homozy- 
gotes or heterozygotes were assayed by Southern blot analysis of the tail-derived DNA as described in Example 
67, Section 1 and by the presence or absence of the expression of mouse antibody u. chain in the sera (see Example 
75). 

(4) The antibody k chain knockout mouse strain from Example 80: k chain deflciency-homozygotes or heterozy- 
gotes were assayed by Southern blot analysis of the tail-derived DNA as described in Example 80. 

[0318] A mouse strain which retains all of the 4 genotypes (i.e., retaining a human chromosome #2 fragment, retaining 
a human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote or heterozygote, and antibody k 
chain-deficiency homozygote or heterozygote) was established by mating the above 4 strains with each other. Specif- 
ically, after the above 4 strains used as starting materials were mated several times, a male mouse having the genotypes 
of "retaining the human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote and antibody k 
chain-deficiency heterozygote" was mated with a female mouse having the genotypes of "retaining the human chro- 
mosome #2 fragment, antibody heavy-chain-deficiency homozygote and antibody k chain-deficiency homozygote" or 
"retaining the human chromosome #2 fragment, antibody heavy-chain-deficiency homozygote and antibody k chain- 
deficiency heterozygote" or "retaining the human chromosome #2 fragment, antibody heavy-chain-deficiency hetero- 
zygote and antibody k chain-deficiency homozygote". As a result, mouse HK23 "retaining the human chromosome #2 
fragment, retaining the human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote and antibody 
k chain-deficiency heterozygote" and mouse HK29 "retaining the human chromosome #2 fragment, retaining the human 
chromosome #14 fragment, antibody heavy-chain-deficiency heterozygote or wild-type, and antibody k chain-deficien- 
cy heterozygote" were obtained. Fig. 42 shows the concentration of each antibody in the sera and the genotypes of 
these mice, together with the data on mouse HK28 which was also produced by the above-described mating and which 
has the genotypes of "retaining the human chromosome #2 fragment, retaining the human chromosome #14 fragment, 
antibody heavy-chain-deficiency heterozygote or wild-type, and antibody k chain-deficiency wild-type". A complete 
human antibody consisting of human u chain and human k chain was detected at a concentration of 18 mg/l in the 
serum of mouse HK23 (Example 38). 

[0319] It is possible to produce those mice having the genotypes of "retaining the human chromosome #2 fragment, 
retaining the human chromosome #14 fragment, antibody heavy-chain-deficiency homozygote and antibody k chain- 
deficiency homozygote" by mating the mice obtained by the above mating with each other. In this mouse strain, it is 
expected that human antibody k chain will be expressed at a higher concentration than in mouse HK23 because the 
deficiency of the endogenous k chain gene is substituted by the human antibody k chain gene contained in the human 
chromosome #2 fragment (Lonberg et al., Nature, 368, 856-, 1994). It is also expected that the concentration of a 
complete human antibody consisting of human heavy-chain and human k chain will increase further. 

Example 74 

Production of a human antibody-producing hybridoma from a mouse strain which is obtained by mating and which 
retains a human chromosome(s) containing a human antibody gene(s) 

[0320] The mice retaining a human chromosome(s) containing a human antibody gene(s) which were obtained in 
Example 42, 43, 68, 69, 70, 71 , 72 or 73 are immunized with an antigen of interest in the same manner as in Example 
25. The spleen is removed from each mice and the spleen cells are fused with myeloma ceils to produce hybridomas. 
After cultivation for 1-3 weeks, the culture supernatant is analyzed by ELISA. The ELISA is performed by the method 
described in Examples 14, 15, 21, 22, 25, 33, 34, 37 and 38. As a result, human antibody positive clones and clones 
which are human antibody positive and specific to the antigen used in the immunization are obtained. 



Example 75 

Detection and determination of mouse IgM in sera of chimeric mice derived from the mouse antibody heavy-chain both 
alleles-disrupted TT2F cell clone 

[0321] Offspring mice were born in the same manner as in Example 40 from the mouse antibody heavy-chain both 
alleles-disrupted TT2F cell clone (#131-3) from Example 51. Three mice having chimerisms of 0%, 50% and 99%, 
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respectively, were selected from the offspring mice. Mouse IgM in their sera was detected and determined. Briefly, the 
chimeric mice of about 2 weeks after birth were bled and mouse IgM concentration in the sera was determined by 
ELIZA by the same procedures as in Example 14. A PBS-diluted anti-mouse IgM antibody {Kirkegaard & Perry Labo- 
ratories Inc., 01-18-03) was fixed, and then a PBS-diluted serum sample supplemented with 5% FBS was added. 
Peroxidase-labeled anti-mouse IgM antibody (Kirkegaard & Perry Laboratories Inc., 074-1803) was added and the 
absorbance at 450 nm was determined using TMBZ as a substrate. Purified mouse IgM (Pharmingen, 0308ID) was 
used as a standard. This standard was diluted stepwise with FBS-supplemented PBS. The results are shown in Table 
28. Of the chimeric mice derived from the mouse antibody heavy-chain both alleles-disrupted TT2F cells, the mouse 
having a chimerism of 99% exhibited a low mouse IgM concentration. Thus, it was confirmed that the mouse heavy- 
chain gene from the ES cells hardly functions in this mouse. 

Table 28. 



Concentration of Mouse IgM in Chimeric Mice (ELISA) 


Chimerism % 


IgM (mg/l) 


0 


12 


50 


11 


99 


1.5 



Example 76 

Preparation of a targeting vector for knocking out antibody light-chain k gene in ES cells 

[0322] Plasmid LoxP-PGKPuro in which LoxP sequence was inserted at both ends of a puromycin resistance gene 
was prepared in the same manner as in Example 48, Section 1. Briefly, a puromycin resistance cassette PGKPuro 
was cut out from PGKPuro plasmid DNA (Watanabe et al., Biochem. Biophys. Res. Commun. 213:130-137 (1995); 
releasedfrom PeterW. Laird, Whitehead Institute for Biochemical Research and Massachusetts Institute of Technology, 
Dept. of Biology, Cambridge, MA) using restriction enzyme Sail and then blunted. PGKPuro was inserted into the Smal 
and EcoRV restriction sites of a LoxP-sequence containing plasmid to produce plasmid pLoxP-PGKPuro (Fig. 30). 
Further, a DNA fragment comprising a genomic DNA constant region containing the mouse antibody light-chain k J 
region and constant region was replaced with the LoxP-PGKPuro gene in the same manner as in Example 48 (Fig. 31). 

Example 77 

Production of an antibody light-chain gene both alleles-disrupted strain from antibody light-chaindeficient-heterozygote 
(and antibody heavy-chain-deficient-homozygote) mouse ES cells 

(1 ) A puromycin resistance gene was inserted into the antibody light-chain deficient-heterozygote TT2F clone (HD43) 
obtained in Example 58 to give a strain in which both alleles of a light-chain gene were disrupted. 

[0323] The antibody light-chain targeting vector prepared in Example 76 was linearized with restriction enzyme Kpnl 
to transform HD43 clone in the same manner as in Example 58. The resultant transf ormants were subjected to selective 
culture at a puromycin concentration of 0.75 ng/ml. At day 7-9 of the cultivation, colonies formed were picked up. A 
part of these colonies was stored frozen, and the remaining part was used to prepare genomic DNA in the same manner 
as in Example 49. Genomic DNAs from the puromycin resistant strains were digested with restriction enzyme EcoRI 
(Takara Shuzo), separated by agarose gel electrophoresis and subjected to Southern blot analysis to detect homolo- 
gous recombinants using the probe described in Example 48, Section 4 (see Examples 58 and 59). As a result, 4 
clones in which both alleles of an antibody light-chain were disrupted were obtained from the 74 clones analyzed. 
Under usual culture conditions, no changes in growth rate and morphology were observed in these clones, as compared 
to the TT2F clone before gene disruption. This suggests that the clones under consideration retain the ability to produce 
chimera. 

(2) Production of chimeric mice from the antibody heavy-chain-deficient-homozygote and antibody light-chain gene 
both alleles-disrupted clone 

[0324] Ceils in the frozen stock of antibody light-chain gene both alleles-disrupted TT2F cell clone HD43P-10 from 
Example 77. Section 1 were thawed, started up for culture and injected into 8-cell stage embryos obtained by mating 
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male and female mice of ICR (CREA JAPAN, INC.); the injection rate was 10-12 cells per embryo. After the embryos 
were cultured overnight in the medium for ES cells (see Example 9) to develop into blastocysts, about 1 0 of the injected 
embryos were transplanted to each side of the uterus of foster mother ICR mice (CREA JAPAN, INC.; 2.5 days after 
pseudopregnant treatment). 

5 [0325] As a result of transplantation of a total of 161 injected embryos, 37 offspring mice were born. Chimerism in 
the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo 
(lCR)-derived albino coat color (white). Out of the 37 offsprings, 9 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 9 mice, four were chimeric mice in which more than 80% 
of their coat color was agouti (i.e. ES cell-derived). 

10 [0326] From these results, it was confirmed that antibody light-chain both alleles-disrupted ES cell clone HD43P-10 
maintains a high ability to produce chimera. 

Example 78 

is Removal of the G41 8 resistance and puromycin resistance marker genes from the antibody light-chain deficient- 
homozygote (and antibody heavy-chain deficient-homozygote) TT2F cell clone 

[0327] From the antibody light-chain both alleles-disrupted HD43P-10 clone (puromycin resistant, G418 resistant) 
which was obtained and confirmed to have a high chimera-forming ability in Example 77, the puromycin resistance 

20 and G41 8 resistance marker genes were removed by the procedures described in Example 52. Briefly, an expression 
vector pBS185 (BRL) containing a Cre recombinase gene which causes a site-directed recombination between the 
LoxP sequences inserted at both ends of the G418 resistance marker gene was transferred into the clone described 
above in the same manner as in Example 52. The resultant puromycin (0.75 u,g/ml) sensitive clones (6 clones) were 
grown to confluence in 35 mm plates in the same manner as in Example 52. Three fifths (3/5) of the resultant culture 

25 were suspended in 0.5 ml of a preservation medium [ES medium + 10% DMSO (Sigma)] and stored frozen at -80°C, 
The remaining two fifth (2/5) were divided into two portions and inoculated into two 1 2-well gelatin-coated plates. Cells 
in one plate were cultured in non-selective medium for 2 days. Cells in other plate were cultured in the presence of 
300 u.g/ml of G418 for 2 days. As a result, 5 puromycin sensitive and G41 8 sensitive clones which would be killed in 
the presence of G41 8 were obtained. 

30 

Example 79 

Increase in the expression of human antibody k chain in sera as a result of mating a human chromosome #2 fragment- 
retaining mouse strain with C57BL/6 strain 

35 

[0328] The hereditary background of the progenies of the chimeric mice [hereinafter referred to as "F1 (chimera x 
MCH)"] which were described in Examples 43 and 44 and which retain a human chromosome #2 fragment (hereinafter 
referred to as tt W23 fragment") is that they are a mixture of TT2F cell (Example 39)-derived CBA mouse strain and 
C57BL/6 mouse strain, and MCH(ICR) mouse strain mated with the chimeric mice. In order to observe the behavior 

40 of W23 fragment under a hereditary background as homogeneous as possible, first, F1 (chimera x MCH) were back- 
crossed with MCH(ICR). The offspring mice obtained by the mating of F1 (chimera x MCH) (randomly selected 8 male 
and 6 female mice) X MCH(ICR) were examined as to whether they would retain W23 fragment in the same manner 
as in Example 43. As a result, it was confirmed that W23 fragment was transmitted through male to 8% of the offsprings 
(25 out of the 324 offsprings were positive) and through female to 22% of the offsprings (32 out of the 148 offsprings 

45 were positive). When the resultant F2(F1 x MCH) (randomly selected 8 male and 8 female mice) were further mated 
with MCH(ICR), the transmission ratio was 9% through male (30 out of the 346 offsprings were positive) and 24% 
through female (48 out of the 202 offsprings were positive). Thus, the results was similar to that obtained by the mating 
of F1 (chimera x MCH) x MCH(ICR). F3 (F2 x MCH) were obtained by the latter mating. 

[0329] The concentrations of human antibody k chain in the sera of 4-12-week old chimeric mice (Fig. 43, indicated 
so as "Chimera 0 , 4 mice), F1 (chimera x MCH) (19 mice) , F2 (F1 x MCH) (39 mice) and F3 (F2 x MCH) (33 mice) were 
determined In the same manner as in Example 44. The results are shown in Fig. 43. Human antibody k chain was 
detected in all of the mice retaining W23 fragment. On the other hand, the k chain concentrations varied greatly in F2 
(F1 x MCH) and F3(F2 x MCH); the averaged values in these groups were lower than those in the chimeric mice and 
FI(chimeraxMCH). 

55 [0330] In order to examine the influence which would be caused by the mating with a strain other than MCH(ICR), 
the same F2(F1 x MCH) mice as used in the experiment of mating with MCH(ICR) were mated with C57BL/6N (pur- 
chased from CREA JAPAN, INC.). Concentrations of k chain were determined in the same manner on the resultant 
26 mice retaining W23 fragment [F3(F2 x C57BL/6)]. As a result, these mice exhibited k chain concentrations as high 
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as those in the chimeric mice and F1 (chimera x MCH) (Fig. 43). As described above, F3(F2 x MCH) and F3(F2 x 
C57BL/6) are derived from the same F2(F1 x MCH) mice as one of the parents. Therefore, it is believed that the 
difference between F3(F2 x MCH) and F3(F2 x C57BL/6) is in their hereditary background alone. Thus, it is indicated 
that difference in hereditary background influences the amount of expression of human antibody k chain. Further, it 
5 has become clear that the hereditary background of C57BU6 is more desirable than that of MCH(ICR) for efficient 
expression of human antibody k chain. From similar experiments, it has been demonstrated that the hereditary back- 
ground of C3H HeN (purchased from CREA JAPAN, INC.) is comparable to or better than that of C57BL/6 for efficient 
expression of human antibody k chain. 

[0331] The following experiment was conducted to examine as to whether the influence of hereditary background 
10 on antibody k chain concentrations observed above is related to the ratio of chromosome retention (stability) at the 
level of individual mice. Briefly, metaphase chromosome samples were prepared from tail-derived fibroblasts and bone 
marrow cells of 2F-1 mouse (serum k chain concentration: 84 mg/l) and 1 F-3 mouse (serum k chain concentration: 13 
mg/1) in F1 (chimera x MCH) and subjected to FISH analysis (Tomizuka et al., Nature Genetics, vol 1 6, 133-143). The 
ratio of those metaphase spreads containing W23 fragment hybridizing to a human chromosome-specific probe to all 
is of the spreads observed was determined. It is believed that the resultant values represent the W23 fragment retention 
ratios in fibroblasts and bone marrow cells, respectively. As a result, with respect to 2F-1 , the retention ratio was 51% 
in fibroblasts and 34% in bone marrow cells; and with respect to 1 F-3, the retention ratio was 23% in fibroblasts and 
18% in bone marrow cells (more than 50 nuclear plate were measured for each case). These results suggest that the 
k chain concentrations in sera correlated to the ratios of retentions of W23 fragment in fibroblasts and bone marrow 
20 cells. In other words, it is very likely that hereditary background influences the stability of the transferred human chro- 
mosome fragment Itself. Thus, it is believed that the hereditary background of C57BU6 or C3H strain is desirable for 
efficient expression of a gene not only on the chromosome #2 fragment described herein but also on other chromosome 
fragments (e.g. chromosome #14 fragment). 

[0332] In order to verify the above conjecture, a male mouse #1 7-7 in F1 (chimera x MCH) which retains the human 
25 chromosome #14 fragment obtained in Example 68 (hereinafter referred to as "SC20 fragment") and which expresses 
a human antibody heavy-chain in the serum was mated with MCH(ICR) and C57BL/6. Of the resultant offsprings, two 
F2(F1 x MCH) mice and two F2(F1 x C57BL/6) mice, each retaining SC20 fragment, were subjected to determination 
of human antibody heavy-chain concentrations in the sera (see Example 68). Furthermore, metaphase chromosome 
samples were prepared from the tails of these mice and then the ratio of SC20 fragment retention was determined in 
30 the same manner as for W23 fragment. As a result, the human \i chain concentration was 11 .0 mg/l and 1 .1 mg/l and 
the chromosome retention ratio 74% and 54% in F2(F1 x MCH), whereas the human \i chain concentration was 47 
mg/l and 54 mg/l and the chromosome retention ratio 84% and 88% in F2(F1 x C57BU6). F2(F1 x C57BU6) mice 
exhibited higher values in both the human u, chain concentration and the chromosome retention ratio. Thus, it has 
become clear that the hereditary background of C57BL/6 is desirable for stable retention of a transferred human chro- 
35 mosome and for efficient expression of a gene located thereon, as presumed from the results obtained on W23 frag- 
ment-retaining mice, 

Example 80 

40 Production of chimeric mice from an antibody heavy-chain-deficient and antibody k chain-homologous recombinant 
ES cell clone 

[0333] Cells in the frozen stock of antibody heavy-chain-deficient and antibody k chain-homologous recombinant ES 
cell clone HD43 from Example 58 were thawed, started up for culture and injected into 8-cell stage embryos obtained 
45 by mating male and female mice of ICR (CREA JAPAN, INC.); the injection rate was 10-12 cells per embryo. After the 
embryos were cultured overnight in the medium for ES cells (see Example 9) to develop into blastocysts, about 10 of 
the injected embryos were transplanted to each side of the uterus of foster mother ICR mice (CREA JAPAN, INC.; 2.5 
days after pseudopregnant treatment). 

[0334] As a result of transplantation of a total of 314 injected embryos, 51 offspring mice were born. Chimerism in 
so the offsprings can be determined by the extent of TT2 cell-derived agouti coat color (dark brown) in the host embryo 
(ICR)-derived albino coat color (white). Out of the 51 offsprings, 26 mice were recognized to have partial agouti coat 
color, indicating the contribution of the ES cells. Out of the 26 mice, two were chimeric female mice in which 100% of 
their coat color was agouti (i.e. ES cell-derived). 

[0335] From these results, it was confirmed that antibody heavy-chain-deficient and antibody light-chain-homologous 
55 recombinant ES cell clone HD43 maintains the ability to produce chimera. In the female mice exhibiting 100% contri- 
bution, it is highly possible that the ES cells have been differentiated into functional germ cells (oocytes). 
[0336] Examination was made as to whether ES cell-derived offsprings would be produced by mating the above 
female chimeric mice (both having 100% chimerism in coat color) with male ICR mice. By this mating, offsprings with 
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agouti coat color should be produced from TT2F cell (agouti: dominant)-derived oocytes in the chimeric mice fertilized 
by male ICR mouse (albino: recessive)-derived sperms, and offsprings with albino coat color should be produced from 
ICR-derived oocytes. Actually, all of the viable offspring mice obtained by one mating for each female mouse exhibited 
ES cell-derived agouti coat color. Genomic DNAs were prepared from the tails of these offspring mice to examine the 
5 presence of an antibody k chain disrupted allele by Southern blot analysis (Example 58). As a result, mice having an 
antibody k chain disrupted allele were obtained. 

[0337] Twenty-seven offspring mice produced by the mating of the antibody light-chain deficient-heterozygote mate 
and female mice were subjected to Southern blot analysis (Example 58). As a result, antibody light-chain wild-type 
alleles disappeared and only disrupted alleles were observed in 7 offspring mice. Hence, these mice were believed to 
10 be antibody light-chain-deficient homozygotes. Fig. 44 shows the results of detection and quantitative determination 
of mouse antibody k chain and X chain in the sera. 

[0338] in those mice which were judged to be antibody light-chain-deficient homozygotes by the Southern blot anal- 
ysis (Nos. 4, 6, 14, 22, 24, 25 and 26 in Fig. 44), the concentrations of k chain are greatly reduced (the remaining k 
chain appears to be derived from their mother mice). Instead, the concentrations of A chain are greatly increased in 
is these mice. These results are consistent with the reported results of analysis of the antibody k chain knockout mouse 
(Yong-Rui Zou etal., EMBO J. 12, 811-820 (1993)). 

[0339] Thus, an antibody k chain knockout mouse strain could be established from antibody k chain homologous 
recombinant ES cell clone HD43. 

20 Example 81 

Preparation of a targeting vector for inserting human telomere sequence into human chromosome #22 

[0340] Fragmentation of human chromosome #22 on which human antibody X chain gene (hereinafter referred to 
25 as "IgX gene") was located was attempted by inserting human telomere sequence by homologous recombination (J. 
E. Itzhaki etai., Nature Genet. ,2, 283-287, 1992). Specifically, a targeting vector for inserting human telomere sequence 
into the LIF locus located very close to Ig X gene (on the telomere side) was prepared. 

[0341] Human telomere sequence was synthesized by PCR according to the method of J. J. Harrington et al. (Nature 
Genet., 15, 345-355, 1997). The PCR product was purified by agarose gel electrophoresis and then blunted with DNA 

30 Blunting Kit (Takara Shuzo). The blunted PCR product was inserted into the Eco RV site of pBluescript SK ll(+) (Toyobo) 
by ligation using DNA Ligation Kit (Takara Shuzo) (pBS-TEL). This plasmid pBS-TEL was sequenced. As a result, it 
was found that the telomere sequence had been inserted in the following direction: Hind III - (TTAGGG)n - Eco Rl. 
[0342] Subsequently, the LIF gene region on human chromosome #22 to be used in the homologous recombination 
was amplified by PCR as described below, and then cloned into plasmid pBS-TEL. The sequences of the primers used 

35 in the PCR were as follows. 



Sense primer: 5 1 - TCGAACTAGTAGGAGAAGTGAACTTGAGGAGGC - 3 ' 
40 (SEQ ID NO: 65) 



Antisense primer: 5' - TCG A ACT AGTG ATTCAGTG ATGCTGT GCAGG - 3 1 
45 (SEQ ID NO: 66) 

[0343] The PCR reaction mixture was composed of 5 u.l of 10 x LA PCR buffer II (Mg2+ free) (Takara Shuzo); 5 uJ 
of 25 mM MgCi2; 8 uJ of dNTP mixture (2.5 mM each) (Takara Shuzo); 10 pmol of sense primer; 10 pmot of antisense 

50 primer; 100 ng of template DNA (HFL1, genomic DNA from primary culture human fibroblasts); 0.5 u.l of LATaq (5 U/ 
uJ) (Takara Shuzo) and sterile distilled water to make a total volume of 50 uJ. All of the operations for preparing the 
reaction mixture were carried out on ice. Then, reaction tubes were ptaced in the well of a thermal cycler (PCR System 
9600, Perkin-Elmer) preset at 85°C. After the tubes were heated at 94°C for 1 minute, 35 cycles of reaction were 
carried out at 98 °C for 10 seconds and at 65 °C for 5 minutes. The PCR product was purified and then digested with 

55 . Spe I (Spe I site was present in the primers), followed by insertion into the Spe I site in pBS-TEL. The plasmid in which 
the LIF gene had been inserted in a opposite direction of the human telomere sequence (TTAGGG)n was selected (M. 
Giovannini et al., Cytogenet Cell Genet 64, 240-244, 1993) (pBS-TEIVLIF). 

[0344] Subsequently, plasmid pGKpuro containing a puromycin resistance gene (S. Watanabe et al., Biochem. Bi- 
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ophys. Res. Comm., 213, 130-137, 1995) was digested with Eco Ri and blunted, followed by insertion of Not I linker. 
The puromycin resistance gene was cut out by digesting the resultant plasmid with Not I and then inserted into the Not 
I site of pBS-TEL/LIF. The plasmid in which the direction of transcription of the puromycin resistance gene was the 
same as that of the LIF gene was selected (pBS-TEL/LIFPuro, see Fig. 45). The resultant plasmid was amplified in E. 
5 coli DH5, purified with QUIAGEN column (Funakoshi) and used for transfectlon (as described later). 

Example 82 

Transfer of human chromosome #22 into chicken DT40 cells 

10 

[0345] Mouse A9 cells containing human chromosome #22 marked with a G418 resistance gene (Tomizuka et al., 
Nature Genet., vol 16, 133-143, 1997; hereinafter referred to as 'V^^neo") were cultured In Dulbecco's modified 
Eagle's Minimal Essential Medium (hereinafter referred to as M DMEM W ) supplemented with 10% fetal bovine serum 
and G418 (800 u.g/ml). Chicken DT40 cells were cultured in DMEM supplemented with 10% FBS, 1% chicken serum 
15 . and 1 0 -4 M 2-mercaptoethanol. 

[0346] Microcells were prepared as described below (for details, see Shimizu et al., "Cell Technology Handbook", 

published by Yodosha, p. 127-). 

A9/#22neo cells were cultured in twelve 25 cm 2 centrifuge flasks (Costar) until the cell concentration reached about 
90% saturation. Then, the medium was exchanged with a medium (DMEM + 20% FBS) supplemented with COLCEMID 

20 (0.07 ug/ml; demecolcine, Wako Pure Chemical Industries, Inc.). 

The cells were cultured for another 2.5-3 days to form microcells. Thereafter, the culture solution was removed from 
the centrifuge flasks, into which a solution of cytochalasin B (10 u.g/ml, Sigma) prewarmed at 37°C was filled and 
centrifuged at 34 °C at 8000 rpm for 1 hour. The microcells were suspended in DMEM and purified by filtration with 
filters. After the purification, the microcells were centrifuged at 1500 rpm for 10 minutes and then suspended in 5 ml 

25 of DMEM. DT40 cells (2x10 7 ) were centrifuged at 1000 rpm for 5 minutes, washed with DMEM twice and suspended 
in 5 ml of DMEM. The microcells prepared above were recentrifuged at 1500 rpm for 10 minutes and then, without 
removal of the supernatant, 5 ml of the previously prepared DT40 suspension was overlayered gently. After centrifu- 
gation at 1300 rpm for 5 minutes, the supernatant was removed. The cell pellet was suspended in 2 ml of PHA-P (1 00 
u.g/ml, DIFCO) and left to stand in an incubator at 37°C under 5% C02 for 15 minutes. Then, the suspension was 

30 centrifuged at 1700 rpm for 7 minutes. The supernatant was removed and the cell pellet was loosened by tapping. To 
the cell pellet, 1 ml of PEG1 500 (polyethylene glycol, Boehringer) was added gently and the pellet was treated for 1 .5-2 
minutes under agitation. After this treatment, 1 ml of DMEM was added over approximately 1 minute. Then, 3 ml of 
DMEM was added over approximately 2 minutes. Thereafter, DMEM was added to make a total volume of 11 ml and 
the resultant mixture was mixed gently. The mixture was left to stand for 10 minutes at room temperature and then 

35 centrifuged at 1 300 rpm for 5 minutes. The supernatant was removed. The cells were suspended in 1 0 ml of the above- 
described culture medium and cultured in 0 100 mm plates for 24 hours. Twenty-four hours later, the medium was 
exchanged with one supplemented with G41 8 (1 mg/ml). The resultant culture was dispensed into three 24-well plates 
(Sumitomo Bakelite), followed by selective culture for about 2 weeks to isolate G418 resistant clones. 

40 (1) PGR analysis 

[0347] As a result of the selective culture, about thirty G418 resistant clones were obtained. Genomic DNAs were 
extracted from these clones using Puregene DNA Isolation Kit (Gentra System). Using the genomic DNA as a template, 
• PCR was performed with human Ig X gene-specific primers to identify clones having human chromosome #22 con- 
45 taining IgX gene. The IgX gene-specific primers used were as follows. 



5 ' - G AGAGTTGCAGA AGGGGTG ACT - 3 1 (SEQ ID NO: 67) 

50 

5 1 - GGAGACCACCAAACCCTCCAAA- 3 1 (SEQ ID NO: 68) 

55 [0348] The PCR reaction mixture was composed of 5 \i\ of 1 0 x Ex Taq buffer (Takara Shuzo); 8 uJ of dNTP mixture 
(2.5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of genomic DNA; 0.5 u.1 of Ex Taq (5 U/uJ) (Takara 
Shuzo) and sterile distilled water to make a total volume of 50 uX Alt of the operations for preparing the reaction mixture 
were carried out on ice. Then, reaction tubes were placed in the well of a thermal cycler (PCR System 9600, Perkin- 



86 



EP 1 106 061 A1 

Elmert oreset at 85 «C After the tubes were heated at 94 «C for 1 minute. 35 cycles of reaction were carried out at 98 
•C for 10 seconds, at 56 «C tor 30 seconds and at 72 »C for 30 seconds. As a result, 2 clones having human g X gene 
we m£ZSZ The presence of polymorph^ markers (D22S315, D22S280. D22S283 and D22S274; Polymorphic 
STS Primer Pair BIOS; J.E. Collins et al., Nature 377 suppl.: 367, 1995) located on human chromosome #22 were 
detected in these clones by PCR (Fig. 46). The PCR conditions were the same as used for the detection of human Ig 
X aene Mark "CT indicates that the marker was detected. Mark "x" indicates that the marker was not detected The 
diaqram at the left side shows the location of each marker on chromosome #22 based on a physical map. From these 
results it was suggested that these 2 clones have a almost intact human chromosome #22. As to the other clones, 
although human Ig X gene was not detected, some of the polymorphic markers on chromosome #22 descnbed above 
were detected. 

(2) FISH analysis 

103491 One of the above 2 clones (clone No. 52-18) was subjected to FISH analysis to examine how the human 
chromosome #22 actually existed in cells. Basic operations such as preparation of chromosome samples, hybridization 
fnd JetecJon were performed according toTomizuka et al. (Nature Genet. 16. 133-143, 1997) As a probe, human 
COT-1 DNA (labeled with Rhodamine) was used. As a result of observation of 20-30 spreads, it was confirmed that 
an almost intact human chromosome #22 was present independently (Fig. 50). Those stained in red are human chro- 

SSST ^om these results of analysis, it was thought that chicken DT40 cell clone 52-18 (hereinafter referred to as 
"DT40/#22neo") has intact human chromosome #22. 



Example 83 

Targeted truncation of human chromosome #22 in chicken DT40 cells 

[0351] DT40/#22neo from Example 82 was transfected with plasmid pBS-TEULIFPuro prepared in Example 81 and 
an attempt was made to perform targeted truncation of the human chromosome #22 on the LIF locus 
f03521 DT40/#22neo cells were cultured under the same conditions as described in Example 82 m the presence of 
G418 (1 mq/ml) 10? cells were washed with cold PPS once, suspended in 0.5 ml of PBS and placed on ice. Then, 
25-30 ua of pBS-TEL/LIFPuro linearized with Eco Rl was added to the cells, mixed wrth a pipette, transferred into an 
electroporation cuvette (Bio-Rad) and left to stand in ice for 10 minutes. The cuvette was set in a gene pulser (Bio- 
RaS Sen a voltage of 550 V was applied at a capacitance of 25 uF. After the cuvette was left to stand on ,ce for 
10 min tes, the cells were transferred into 72 cm* culture flasks containing the above-described medium and cultured 
for 24 hours Twenty-four hours later, the medium was exchanged with a medium supplemented with G418 (1 mg/ml) 
and puromycin (0.3 u.g/ml, Sigma). The resultant culture was dispensed into five to eight 96-well culture plates, followed 
by selective culture for about 2 weeks to isolate resistant clones. 

(1) PCR analysis 

f03531 As a result of the selective culture, about 80 resistant clones were obtained. Genomic ON As were extracted 
rom these cells as described above and subjected to PCR to identify homologous recombinants in which a human 
telomere sequence was integrated into the LIF locus. One of the primers was designed such MkW"* 
complementary to a part of the LIF gene region which was not contained in the vector (see F,g. 47). The other pnmer 
was deigned such that its sequence was complementary to a part of the puromycin resistance gene which was con- 
tained in the vector. The sequences of the primers are as follows. 



Puro 



1: 5 • -GAGCTGCAAGAACTCTTCCTCACG-3 • . ( SEQ. ID. NO.: .6 9). 



LIF1: 5 ' - ATGACTCTAAGGCAGGAACATCTGTACC-3 ' (SEQ ID NO: 
70) 

[0354] The PCR reaction mixture was composed of 5 ul of 1 0 x LA PCR buffer II (Mg** free) (Takara Shuzo); 5 ul of 
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25 mM MgCI2; 8 ul of dNTP mixture (2.5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of template DNA; 
0 5 7of lilaq (5 U/ul) CTakara Shuzo) and sterile distilled water to make a total volume of 50 ul. All of t^oprnttoni 
Sir preparing the reaction mixture were carried out on ice. Then, reaction tubes were placed m the well of a thermal 
SclertPCR System 9600, Perkin-Elmer) pre-set at 85 «C . After the tubes were heated at 94'C for 1 minute, 35 cycles 
2 r ain welle carried out at 98 -C for 10 seconds and at 65 -C for 10 minutes. A 6.3 kb PGR produc as s^ow n 
Fig 47 should be detected only in the homologous recombinants of interest. As a resuft of the PCR, th. 6.3 I* _band 
was detected in 8 clones (homologous recombination ratio: about 10%). When this PCR product was digested wrth 
Lu acutpatlern was obtained in exactly the same way as expected. Thus, it was confirmed that these 8 clones were 

^"SllZ^^r or not the truncation occurred as expected in these 8 cjones w* .examined byPCR 
Son of the presence of genes (Ig X, LIF, MB, IL2RB, CYP2D6, DiA1 , ^^^f S 
377 suppl-367 1995) and polymorphic markers (D22S315, D22S275, D22S280, D22S281, D22S277. D22S278. 
D22S2W D22S272, D22S282 and D22S274; J.E. Collins et a.., Nature 377 supp.,367, 1995) on chromosome #22^ 
f03561 A part of the primer sequences used is as described below. The remaining primer sequences were the same 
as !!ed by TomLuka e. al. (Nature Genet. 16. 133-143, 1997). The presence of LIF is evident from the expenment 
described above. 

Sense primer: 5 ' - CTGCGTGTGTAATCGTGTCC - 3 (SEQ ID NO:71) 

Antisense primer: 5 • - TCTGCTGTGAGTGAACCTGC - 3 • (SEQ ID 
NO:72) 
ECGF1 

Sense primer: 5 ' -AGGAGGCACCTTGGATAAGC-3 (SEQ ID NO : 7 3 ) 

Antisense primer: 5 * - TC ACTCTG ACCCACGATACAGC - 3 ' (SEQ ID 
NO:74) 

f0357] The PCR reaction mixture was composed of 5 ul of 10 x Ex Taq buffer (Takara Shuzo); 8 ul of dNTP mixture 
2 5 mM each) (Takara Shuzo); 10 pmol of each primer; 100 ng of genomic DNA; 0.5 ul of Ex Taq (5 U ul) (Takara 
( s"zo) anTslne distilied water to make a total volume of 50 ul. Ai. of the operations for P>*«|»»»"£ ^ 6 
were carried out on ice. Then, reaction tubes were placed in the well of a thermal cycler (PCR System 9600 Pe km 
Efmer) pre-set at 85 »C . After the tubes were heated at 94 -C for 1 minute, 35 cycles of reaction were earned out at 
98'C^^ 

are shown in Rg 48 Marks - V and "x» have the same meanings as described above. As is clear from th,s F.gure, 
n n ofThe genls and markers located on the telomere side of the LIF locus into which a 

lad been integrated were detected in clones 67. 68, 328 and 343. It is suggested that truncation by the mtegrat.on of 
a telomere sequence did occur as expected in at least those 4 clones. 

(2) FISH analysis 

r03581 Whether the human chromosome #22 had been actually truncated or not was examined by FISH analysis 
TTlerimenta method was the same as described above. As probes, human COT1 DNA (labeled wrth Rhodam.ne) 
Ud plasmid pGKPuro (labeled with FITC) were used. By COT1 staining, the human chromosome #22 can be v,suajy 
S£S truncation in comparison wrth DT40/#22neo having intact human chromosome #22. F«J«^« *• 
chromosome #22 is truncated as expected on the LIF locus into which the vector has been .ntegrated, a signal from 
STSSo^Jfhild be detected at one end of the telomere of the chromosome #22 fragment. A part of the results 
sshownin Fig. 49. Asaresult of observation of 20-30 spreadsfor each clone, a small fragment of human , chromosome 
#22 Jed) havtog a Puro probe-derived signal (yellow green) at one end of the telomere was surpnsmgly observed m 
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all of the 8 homologous recombinant clones. As for clones 64, 212, 222 and 305 which were presumed not to have 
undergone truncation from the results of the PCR analysis, cells having intact chromosome #22 occupied about 1 0% 
of all cells. 

[0359] These experimental results show that homologous recombinants in which a human telomere sequence has 
5 been integrated into the LIF locus can be obtained at an efficiency of about 10% in chicken DT40/#22neo cells and 
that truncation of the human chromosome #22 has occurred at the integration site in all of the homologous recombinants 
(efficiency 100%). 

Example 84 

10 

[0360] Preparation of a complete human antibody-producing hybridoma from a chimeric mouse produced by trans- 
ferring an endogenous antibody heavy-chain and light-chain - deficient mouse ES cells, which retains partial fragments 
of human chromosomes 14 and 22, into an immunodeficient mouse host embryo 

15 (1) Preparation of anti-TNF-a human IgM antibody 

[0361] The chimeric mouse CLH13-7 (derived from TT2FES clone LH13, 50% chimerism) as produced in Example 
67-(3) was immunized with human TNF-a, thereby producing hybridomas. Human Tumor Necrosis Factor-a (TNF-a, 
PEPRO TECH EC LTD., 300-01 A) dissolved in PBS was mixed with adjuvant (MPL+TDM Emulsion, RIBI Immunochem 

20 Research Inc., R-700) to prepare 0.025 mg/ml of a TNF-a solution. 0.2ml of TNF-a solution was used for immunization 
by intraperitoneal injection. Immunization has been performed for 70 days at an interval of 1 or 2 weeks. Two weeks 
after final immunization, the chimeric mouse was immunized with 0.2 ml of 0.025 mg/ml TN F-a dissolved in PBS. Three 
days after final immunization, the spleen was excised from the chimeric mouse, followed by cell fusion with PEG 
according to Example 24, thereby producing hybridomas. The fused cells were diluted to achieve 250 thousand spleen 

23 cells / ml in a medium (Sanko Junyaku Co., Ltd. S-Clone Cloning Medium CM-B) supplemented with 1 mg/ml G41 8, 
2 % fetal calf serum, and 5% HCF (Air Brown) . 100 u.l of the diluted cells was added to each well of a 96-well plate 
and cultured. On day 14 after culturing, colonies appeared in about 40% of the wells. The culture supernatant was 
analyzed by ELISA according to Example 14, followed by screening for a human antibody-producing hybridoma. TNF- 
a was diluted to 0.5 u.g/ml with carbonic acid buffer (Sigma, C-3041 ), and then dispensed, 50 uJ each well, into a 96-well 

30 plate (NUNC, 442404) for coating. Detection was made by TMBZ (DAKO, S1599) using biotin-labeled anti-human 
immunoglobulin X chain antibodies (Vector, BA-3070) and an ABC kit (Vector, PK4000). The results were determined 
using an absorbance as an index, approximately twice or more intense than the negative control. Cells in the positive 
wells were transferred into a 96-well plate, and then cultured using a medium containing IMDM supplemented with 1 
mg/ml G418 and 10% FBS. The culture supernatant was analyzed by ELISA. TNF-a was diluted to 0.5 u,g/ml with 

35 carbonic acid buffer, and then dispensed 50 uJ per well of a 96-well plate for coating. Detection was made by TMBZ 
using peroxidase-labeled anti-human immunoglobulin u. chain antibody (Biosorce, AHI0604). The results were deter- 
mined using an absorbance as an index, approximately twice or more intense than the negative control. The cells in 
two positive wells showing strong coloration were cloned by the limiting dilution method in the same manner as in 
Example 66, thereby obtaining hybridomas producing complete human antibodies that bind to TNF-a and have human 

40 \g\i and IgX. 

(2) Preparation of anti-TNF-a human IgM antibody 

[0362] The chimeric mouse CLH1 3-1 3 (derived from TT2FES clone LH 13, 50% chimerism) as produced in Example 
45 67-(3) was immunized with human TNF-a, thereby producing hybridomas. Human Tumor Necrosis Factor-a (TNF-a, 
PEPRO TECH EC LTD., 300-01 A) dissolved in PBS was mixed with adjuvant (MPL+TDM Emulsion, RIBI Immunochem 
Research Inc.) to prepare 0.025 mg/ml TNF-a solution. 0.2ml of the TNF-a solution was used for immunization by 5 
times intraperitoneal injection at 1 week interval. Two weeks after the fifth immunization, the TNF-a solution was used 
to boost the immunization. Two weeks after boosting, the chimeric mouse was immunized with 0.025 mg/ml TNF-a 
50 solution dissolved in PBS. The blood was collected every week, and the anti-TNF-a human Igy concentration in serum 
was detected by ELISA according to Example 1 4. As shown in Fig. 50, an increased human Igv antibody titer against 
TNF-a was shown. Three days after final immunization, the spleen was excised from the chimeric mouse, followed by 
cell fusion with PEG according to Example 24, thereby producing hybridomas. The fused cells were diluted to achieve 
250 thousand spleen cells / ml in a medium (Sanko Junyaku Co., Ltd. S-Clone Cloning Medium CM-B) supplemented 
55 with 1 mg/ml G418, 2 % fetal calf serum, and 5% HCF (Air Brown). 50 u.l of the diluted cells was added to each well 
of a 96-well plate and cultured. On day 14 after culturing, colonies appeared in about 60% of wells. The culture super- 
natant was analyzed by ELISA according to Example 14 followed by screening for a human antibody-producing hybri- 
doma. TN F-a was diluted to 0.5 u,g/ml with carbonic acid buffer, and then dispensed, 50 u.l per well, into a 96-well plate 
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for coating. Detection wasperformed by TMBZ using peroxidase-labeled anti-human immunoglobulin 7 chain antibody 
(Sigma, A-01 70). The results were determined using an absorbance as an index, approximately twice or more intense 
than the negative control. Cells in the positive wells were transferred into a 96*well plate, and then cultured in a medium 
containing IMDM supplemented with 1 mg/mi G418 and 10% FBS. The culture supernatant was analyzed by ELISA. 

5 TNF-a was diluted to 0.5 |ig/ml with carbonic acid buffer, and then dispensed, 100 uJ to each well of a 96-well plate 
for coating. Detection was made by TMBZ using peroxidase-labeled anti-human immunoglobulin X chain antibody 
(Southern Biotechnology Associates Inc., 2070-05). The results were determined using an absorbance as an index, 
approximately twice or more intense than the negative control. The presence of complete human antibodies containing 
human Igy and IgX was confirmed in two wells. 

10 The result suggests that in a chimeric mouse produced by transferring endogenous antibody heavy chain- and light 
chain-deficient mouse ES cells retaining partial fragments of human chromosomes 14 and 22 into a host embryo of 
an immunodeficient mouse, increases the antibody titer of antigen-specific human Igy against boosting with TNF-a 
antigen. Furthermore, it was confirmed that the hybridoma producing a complete human antibody IgM or IgG specific 
to TNF-a can be obtained from these chimeric mice. 

15 

(3) Preparation of human IgM antibody against sugar chain antigen 

[0363] The chimeric mice CLH13-10 (derived from TT2FES clone LH13, 60% chimerism) and CLH13-18 (derived 
from TT2FES clone LH 1 3, 30% chimerism) produced in Example 67-(3) were immunized with ganglioside. An adjuvant 

20 (MPL + TDM Emulsion, RIBI Immunochem Research Inc., R-700) was dissolved in 2 ml of the mixture of chloroform 
and methanol (2:1). Iml of each solution was mixed with 1 mg of GM2 (Sigma, G8397) dissolved in 1 ml of a mixture 
of chloroform and methanol (2:1) or with 1 mg of ASIALO-GM1 (ISOSEPAB, 65/12). The mixture was transferred into 
a round-bottom flask, and then dried with a rotary evaporator. 1ml of PBS was added to each product, and then the 
solution was vigorously stirred using a Vortex mixer, thereby preparing a suspension. The suspension containing GM2 

25 and that containing ASIALO-GM1 were mixed in equal quantities. The chimeric mouse CLH13-18 was immunized 
intraperitonealy, and the chimeric mouse CLH13 - 10 was immunized subcutaneously, both with 0.2 ml of the mixture 
three times a week. The blood was collected every week, ELISA was performed according to Example 14, so that an 
increase in the antibody titer was confirmed. Ganglioside GM2 or ASIALO-GM1 was dissolved in ethanol to 6 ng/ml t 
and then 50 u.t of each solution was dispensed into a ELISA plate. The solution was allowed to stand for 2 hours at 

30 room temperature, and then dried. A control was prepared by adding only ethanol (without ganglioside) to a plate. PBS 
supplemented with 2 % bovine serum albumin (BSA, Oriental yeast) was added 200 uVwell, thereby blocking for 3 
hours at room temperature. The sera of the chimeric mice were diluted 1:100 with PBS supplemented with 4 % fetal 
bovine serum (FBS) after washing. The diluted sera were added 50 u.l/well , and then allowed to stand at 4 °C overnight. 
A peroxidase-labeled anti-human IgM antibody (Biosorce, AHI0604) was diluted with PBS supplemented with 0.1 % 

35 BSA after washing. Next the diluted chimeric mouse sera were added 50 u.l/well and then allowed to stand overnight 
at room temperature. TMB was added to the product and reacted for 15 minutes. Then the reaction was stopped with 
1N sulfuric acid. Absorbance at 450 nm was measured. Then an increase in the antibody titer was determined by 
reducing abosorbance of a control well. Fig. 51 shows the results concerning anti-ASIALO GM1 human Igu, in sera of 
the chimeric mice CLH13-18; Figure 52 shows the results concerning anti-GM2 human Igu. in sera of the chimeric mice 

40 CLH13-10. AS shown in these figures, immunization with ganglioside resulted in the increased human Igu, antibody 
titer specific to the antigen. That is, immune response against the sugar chain antigen was confirmed in the human 
antibody-producing chimeric mice of the present invention. 

[0364] Three weeks after the third immunization, re-immunization was performed for boosting. Three days after final 
immunization, the spleen was excised from the chimeric mouse, followed by cell fusion with PEG according to Example 
■ 45 24, thereby producing hybridomas. The human antibodies against the ganglioside GM2 or ASIALO-GM1 obtained in 
this manner are useful for. treatment of HIV or cancer, such as melanoma. 

Example 85 

50 Production of mouse strains mainly producing the complete human antibody by mating (B) 

[0365] A mate or female mouse, which retains SC20 fragment, and is homo- or heterozygous for heavy-chain-defi- 
ciency, and homo or heterozygous for k chain deficiency as produced according to Example 73, was mated with a 
male or female mouse, which retains W23 fragment, and is homo or heterozygous for heavy-chain deficiency, and 
55 homo- or heterozygous for k chain-deficiency as produced according to Example 73. This mating is expected to yield 
progeny mice (double Tc/KO), which can meet four conditions of retaining SC20 fragment and W23 fragment, and 
being homozygous for heavy-chain-deficiency and for k chain-deficiency. 
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(1) Analysis of single Tc/KO mice 

[0366] First, the following four types of analysis (A) to (D) were performed for a total of 189 ^ rt ^^2 
he mating above. A search was performed for a mouse (single Tc/KO), which meets only two of the above conditions 
5 Jo W23 fragment, and being heterozygous or wild type for „ chain-deficiency), in these individuals, Biyrn- 

pC^™^* b v ,unction of human neav y- chain in,roduced instead 01 mouse heavy - chain that had been 

deleted. In addition, most of the antibody molecules in sera were thought to contain human heavy-chain. 

(A) PCR was performed for DNA prepared from individual mouse to study the retention of SC20 fragment in the 
10 same manner as in Example 68-(4). SC20 fragment-specific D14S543 was used as a primer. 

(B) Southern blotting was performed to study endogenous heavy-chain deficiency in the same manner as in Ex- 

(Sre? was performed for DNA prepared from individual mouse to study the retention of W23 fragment in the 
same manner as in Example 1. W23 fragment-specific D2S1331 (Tomizuka et .I., Nature Genetics, 1997, supra) 

' 5 (Ssorthem blotting e was performed to study endogenous K-chain deficiency in the same manner as in Example 58. 

[0367] Twenty out of 189 offspring were determined as single Tc/KO mice by this analysis 
0368 50 uJ of blood was collected from the single Tc/KO mouse HK83 (5 months old) and then 2 ul of 0.6 M EDTA 
pH 8 0) was added to prevent the blood from clotting. The blood sample was transferred into a centn ugat.on tube 
Then 400ul of sterile water was added to the tube. After 30 seconds, 2 x PBS containing 10 % fetal calf serum (PCS) 
was added o the solution, followed by centrifugation using a SEROMATIC-2 (KA2200, Kubota). After centrifuge .on, 
The supernatant was removed, and then the precipitate was suspended in the remaining small amount of solution. 
Stain ng Hum (SM: 1 mM EDTA. 5 % PCS. PBS containing 0.05 % sodium azide) was added to the suspension 
foZed by recen trifugetion. The precipitate was suspended in approximately 10 u. of the reme bring SM after removal 
o, he supernatant, 1 2 of Fc-b.ock (Pharmingen. 01 241 A. anti-mouse CD32/CD16) was adde d 
then the product was allowed to stand on ice for 1 hour. After 1 hour. 1 ul of each PE-labeled anti-mouse CD45FVB220 
PhaLngen. 01125A) and FITC-labeled anti-human IgM (Pharmingen, 08074D) was added, and then the product 
was Towed o stand for 1 hour. Thus stained cells were washed twice with SM as descnbed above. Finally the ce Is 
we e suTended in 200 ul of SM, thereby preparing stained samples of peripheral blood nuclear cells. Flow cytometiy 
Tn Ty is was made using a FACSvantege (Becton Dickinson). Figure 53 shows the results. B220 pos,t.ve cells that 
fs B Tympho^es were absent in mouse antibody heavy-chain-deficient (KO) mice (AH/AH in the figure); but , . single 
T^KO mte(AWt, SC20 in the figure), the presence of a cell population of B lymphocytes wh.ch were 
both B220 and human u chain (hu in the figure). That is, it was shown in single Tc/KO m.ce that ,ntroduct,on of SC20 
35 fragment rescued the deficiency of B lymphocytes. 

[0369] Blood was collected from 8 single Tc/KO mouse individuals, HK7 (1 8 week-old), HK3B I (1 3 week-old). HK45 
13 week old) HK47 (13 week-old), HK50 (13 week-old). HK61 (13 week-old). HK78 (17 week-old) and HK83 (17 
wee^ The concentration of human u chain and of human y chain in sera were measured by ELBA as described 
Tn Example 14. Mouse p chain was detected by the method shown in Example 75 and mouse ycha.n Wtowjng 
method tor the sera collected as control from four individuals (litters bom from the same mother as that of single Tel 
KO mice- 13 to 18 week-old) that were heterozygous for antibody heavy-chain deficiency and heterozygous or w. Id 
type for antibodyxchaindeficiency (containing no human chromosomal fragment). The concent^ 
was determined by ELISA according to Example 14. Anti-mouse immunoglobulin y chain antibody (Sigma I4280 
ZSSTreS were coated over a 96-well microfrter plate. Then the semm samples diluted with PBS conta^ 
b v Te slrZ r(FB8). and peroxidase -iabe.ed anti-mouse immunoglobulin y chain ^""J^SJ^S 
added in order to incubate. The plate was washed, and then TMBZ (SUMITOMO BAKELITE ^M^, 
ML-1120T) was added as a peroxidase substrate, so that enzyme activity was evaluated with an absorbance at 450 
nm The results were compared with mouse immunoglobulin IgG (Pharmingen. 031 71 D). having ay chain with a known 
concentration in its purified state and sequentially diluted with PBS containing FBS, so as to determine the ^ n ^®" ^ ' " 
o?mouse immunoglobulin In sera. Figure 54 shows the results. The mean ^lue of the measurements for each Igte 
a sTshown in this figure. The mean concentration of human u chain in single Tc/KO individuals was large than that 
o mouse J chain in antibody heavy-chain-deficient heterozygous Indrviduals. Similarly, the concentrat ior , o mouse ,x 
chain and of mouse ychain were measured for single Tc/KO individuals. No mouse u chain was detected (1 u^g/m o 
less) in all the single Tc/KO mices; the mean concentration of mouse y chain was approximately one tenth of that of 
human , chain. These results suggested that in sera of single Tc/KO mice, most of antibody molecules contained 

SI ^h^wncentration of human y chain subclass in sera was measured for the serum samples from rfour out of 
7 said single TcmO mice by ELISA as describedin Example 29. Figure 55 shows the results. Fourtypesof hysubclass 
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10 



were detected in all single Tc/KO mice. 

[0371] 0.5 ml of adjuvant (TiterMaxGold, Cytex corporation, G-1) was mixed with 0.5 ml of human serum albumin 
(HSA Sigma, A3782) which had been dissolved at the concentration of 0.25 mg/ml in PBS. Two single Tc/KO mice, 
HK45(5 months old) and HK10B (3.5 months old), were immunized subcutaneously with 0.1 ml of the mixture. Blood 
was collected from these mice on day 0, 8, and 15 after immunization. The anti-HSA-hu man y chain antibody titer in 
sera was measured by ELISA as described in Example 21 . On day 1 5 after immunization of the two single Tc/KO mice 
(immunized with HSA), a significant increase in the anti-HSA-human 7 chain antibody titer was observed. Thus, it was 
shown that in the single Tc/KO mouse, antigen specific antibodies (in this case, consisting of human y chain and mouse 
k chain or mouse X chain) were produced against proteins derived from human for immunization. 

(2) Analysis of double Tc mice 

[0372] The following four types (A) to (D) of analysis were made for a total of 1 89 offspring born. A search was done 
for mouse mice (double Tc), which meet at least "* conditions and express human heavy-chain and human k chain 
15 simultaneously. 

(A) To study the retention of SC20 fragment, PCR analysis was performed for DNA prepared from the individual 
mice with the same method as shown in Example 6B-(4). The primer used herein was SC20-specific D14S543. 

(B) To study the retention of W23 fragment, PCR analysis was performed for DNA prepared from the individual 
20 mice with the same method as shown in Example 68-(4). The primer used herein was W23 fragment-specific 

D2S1331 (Tomizuka et al M Nature Genetics, 1997, supra). 

(C) Blood was collected from 3 to 6 week-old mice to confirm the expression of human p. chain, and ELISA was 
performed according to the method shown in Example 68-(4). 

(D) Blood was collected from 3 to 6 week-old mice to confirm the expression of human k chain, and ELISA was 
25 performed according to the method shown in Example 20. 

[0373] Twenty out of 1 89 mice were positive in all of the four types of analysis, and determined to be double Tc mice. 
Hence, it was confirmed that SC20 and W23 fragments were simultaneously retained in an individual mouse and their 
functions were expressed simultaneously. 

30 

(3) Analysis of double Tc/KO mice 

[0374] DN As of 20 double Tc mice were subjected to Southern blotting as described in Examples 49 and 58 in order 
to analyze the state of mouse heavy-chain gene and mouse k chain gene deficiency. The results were 6 mice ho- 
35 mozygous for both antibody heavy-chain-deficiency and k chain deficiencies. Thus 6 mice were homozygous for mouse 
heavy-chain and k chain deficiencies and determined to be double Tc/KO mice. 

[0375] The peripheral blood nuclear cells prepared as described in Example 85-(1) from two double Tc/KO mice, 
HKD5 (9 week-old) and HK190 (6 week-old), were subjected to flow cytometry analysis according to Example 85-(1). 
Thus in the two mice, the presence of B lymphocytes which were positive for B220 and for Hp, was confirmed. 

40 [0376] Blood was collected from three double Tc/KO mice, HK77 (1 7 week-old), HKD4 (6 weekK>ld), and HKD5 (6 
week-old), and the concentrations of human \i chain and of human ychain in sera were measured by ELISA as described 
in Example 1 4, The mean concentration of human u, chain in sera and of human y chain in sera from the 3 mice were 
360 mg/l and 201 mg/l, respectively. Both the concentrations of human u. chain and of human y chain were almost 
equivalent to that of single Tc/Ko mice shown in Fig. 54. Furthermore, for HK190 (4 week-old) and HK192 (4 week- 

45 old) in addition to the above 3 mice, the concentration of human k chain in sera was detected as described in Example 
20 and the concentration of mouse X chain was detected in the method as described below. The concentration of 
mouse ^chain'was detected by ELISA according to Example 14. Anti-mouse immunoglobulin X chain antibodies (Calt- 
ag M33600) diluted with PBS were coated over a 96-well microtiter plate, serum samples diluted with PBS containing 
fetal bovine serum (FBS), and then peroxidase-labeled anti-mouse immunoglobulin X chain antibodies (Caltag, 

so M33607), were added to the plate for incubation. The plate was washed, and then TMBZ (SUMITOMO BAKELITE 
COMPANY LIMITED, ML-1120T) was added as a peroxidase substrate to evaluate the enzyme activity with absorbance 
at 450 nm. The results were compared with that of IgG (Sigma, M6034), having a X chain with a known concentration 
in its purified state and sequentially diluted with PBS containing FBS, so as to determine the concentration of mouse 
immunoglobulin X chain in sera. Based on the results, first a proportion of the concentration of human k chain to the 

55 concentration of all light-chain (Human k chain concentration + mouse X chain concentration) was obtained for individual 
mice The mean value of 5 individuals was 60%. Therefore, it was shown that the complete human antibody molecule 
(human u chain / k chain or human y chain / k chain) expressed dominantly over the hybrid antibody molecule (human 
H chain / mouse X chain or human y chain / mouse X chain) in sera of these double Tc/KO mice. 
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r03771 Blood was collected from double Tc/KO mice HKD5 (6 week-old) and the concentration of h 7 subclass in sera 
^measured by EUSA. similar to Example 85-(1). The results were humanyl chain: 141 mg/ inhuman Y 2 cham: 61 
mS human y3 chain: 1 19 mg/I, and human Y 4 chain: 8.3 mg/l. All four types of human Y cha.n subclass were detected. 
S o s ml of adjuvant (TiterMaxGold, Cytex corporation. G-1) was mixed with 0.5 ml of human serum albumin 
HSA Sigma A3782 dissolved at a concentration of 0.25 mg/ml In PBS. Two double Tc/KO mice, HK77 (20 week- 
otafl and HKD5 (10 week-old), were immunized subcutaneously with 0.1 ml of the mixture. Blood was collected from 
these mice on day 0. 8, and 15 after immunization. The anti-HSA-human Y chain antibody titer In sera was measured 
by a method similar to that of Example 21 , and the anti-HSA-human k chain antibody titer was measured by rELKA as 
described in Example 23. The results are shown in figures 56 and 67. On day 15 after .mmun.zat.on of the Uvo double 
So mice (immunized with HSA) . a significant increase was observed in both the anti-HSA-human Y chain ant.body 
™ and the anti-HSA-human k chain antibody titer. Thus, it was shown that in a double Tc/KO mouse 
spec^ complete human antibody (in this case, containing human Y chain and k chain) was produced aga.nst the 
proteins derived from human for immunization. 

(4) Analysis of double Tc/KO mice (X1 mutant) 

r03791 The mouse X chain gene was not disrupted in the double Tc/KO mouse (Example 85-1(3)). Thus mouse X 
chain proLin was still expressed in sera and the concentration thereof was approximate* 40% of the whole Ig light- 
chain. To express human x chain more efficiently, it is required to inactivate the competitrve mouse X chain gene. 
mm The presence of mutant mice wherein expression of mouse X chain is approximately 1/50* of that of normal 
mice s known(Ju et al.. J. Immunol., 136: 2684, 1986). Gene analysis of this mouse stra.n revealed that this was 
Caused presence of base substation in an lgX1 chain gene constant region (Ju et al., supra . In fact, almost 
no X1 chain accounting for 80 % or more of the concentration of the whole X chain (remaining A chains are X 2 cha n 
and X 3 chain) was detected in sera of homozygous mutant mice (herein after referred to as X1 
supra) Hence it is concluded that X 1 chain, the main constituent of mouse IgX chain, is >na<*vated in the X1 mutant 
Si] Double Tc/KO mice (X1 mutant) can be obtained by mating Al mutant with double Tc/KO m.ce described ,n 
Example 85-(3). This mouse will show decreased expression of X chain in serum and ""f^f^P^ 8 ' 0 " of h " ma " 
k chTnTnsfead X1 mutants were iso.ated from ICR mice (purchased from CHARLES RIVER JAPAN, INC.) populate 
LtheaoTvtmentionedme^^ 

obtaining double Tc/KO (X1 mutant)mice. Concentration of human k chain and of mouse X chain m sera of the resultant 
double Tc/KO (X1 mutant) and of double Tc/KO (X1 mutant hetero or wild type) as a control were measured (Example 
85 <S Based on these measurements, first, the percentage by human k chain concentrator, of whole .,gM-cha.n 
concentration was determined for each mouse. Next, the mean percentage of 5 mice was calculated for the two types 
of the mou e strains above. The results were 93% for double Tc/KO (X1 mutant) and 63% for double Tc/KO (X1 mutant 
he ero or wild type) mice. Furthermore, the mean value of the whole light-cha.n concentrat.on of 5 m.ce of each strain 
was 558 inVl for double TtfKO (X1 mutant) and 525 mg/l for double Tc/KO (X1 mutant hetero or wild type) . That is. no 
cinnifieant difference was found between the two. - 

These results suggested that the expression level of mouse X chain decreased in doubie Tc/KO (X mutant) 
Kit of human k chain increased as if it compensated for the decreased level. Therefore, the use of the XI rnutant 
was shown to enable efficient expression of complete human antibody molecules cons.st.ng of human x chain and 
human heavy-chain. 

Example 86 Preparation of a HSA-specific human antibody-producing hybridoma from the double Tc/KO mice 

[03831 An anti-HSA human antibody-producing hybridoma was obtained from double Tc/KO mice HKD5, for which 
S! antibody titer had increased against HSA immunization in Example 85. On day 30 after the .nitial .mmun.zat.on. 
inal immunLtion was performed. 3 days later, hybridomas were produced by the method described in Example 24^ 
The Tematants of approximately 3300 wells, in which G418-resistant colonies had appeared, were analyzed by 
S^A (Examples 14 Z 61). 11 wells were positive for HSA-specific human u chain; 39 wells were P os.t.ve for HSA- 
specJc huma P n T chain. 1 4 wells out of 39 wells positive for anti-HSA human Y chain were positive for human x cha.n 
S remainder was positive for mouse X chain. In addition, no well was positive for both types of Ig .ght-cham at 
the same time These results suggested that the hybridoma producing HSA-specific complete human antibod es (con- 
■S^TS^ch* and x li M-chain) was obtained from the double Tc/KO mice^ Moreover, EL.SA analysis was 
peSLed to deTect four types of human Y chain subclass according to Example 61 -(4). 7 welis were , posKrve for ^ 2 
wensTositive for y2, and 5 wells positive for Y 4. Three typical clones of I 9 G/k hybridoma were subjected to hm ted 
Son for subcloning. and then the supernatant was used for measuring affinity. Measurement of the affmrty cons ant 
J ing surface plasmon resonance in BIAcore followed by calculation using an attached caption software resulted 
in 11 x 101° to 6 6 x 1010 M -i. Thus, the anti-HSA human IgG/x antibody obtained from HKD5 was shown to have 
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high affinity to HSA. 

Example 87 Construction of cassette vectors ploxPHyg and ploxPbsr 

r03841 In the following Examples 87 to 1 03, production of human artificial chromosomes X-HAC and k-HAC. having 
human antibody X light-chain and human antibody k light-chain gene clusters cloned thereto, will be descnbed. In 
addition introduction of each of the produced HAC into a mouse, expression of a human antibody gene contained in 
HAC in a mouse, and transfer of HAC to chimera mouse offspring. The outline of the system for producing HAC- 
introduced mouse disclosed herein is shown in Figs. 58 and 59. 

f03851 Cassette vectors ploxPHyg and ploxPbsr were constructed as follows for insertion of a loxP sequence, a 
recognition sequence of Cre recombinant enzyme, onto a human chromosome. For positive selection of cells carrying 
translocation as expected, the two cassette vectors were constructed such that the former contained PGK promoter 

and the latter contained GFP gene to be transcribed by this PGK promoter. 

First the construction of ploxPHyg will be described. A plasmid pBluescript II SK(-) (TOYOBO) was cleaved with a 
restriction enzyme EcoRV (Boehringer). The product was allowed to react for 30 minutes at 50 °C using dephospho- 
rise CiAP (alkaline dephosphorylase derived from the small intestine of a calf, TAKARA SHUZO CO.. LTD.), thereby 
dephosphorylating the cleaved ends. DNA fragments were excised from a plasmid pBS302 (GIBCO) using restriction 
enzymes Spel and Hindlll (Boehringer) and then blunt-ended with a DNA blunting kit (TAKARA SHUZO CO., LTD. 
Then the DNA fragment was ligated using a DNA Ligation kit (TAKARA SHUZO CO., LTD.), so that a competent cell 
DH5 (TOYOBO) was transformed, thereby obtaining a plasmid P BS302HS. Blunt-ending, ligation and transformat.on 
were conducted following protocols attached to each kit. 

Next the olasmid was cleaved with a restriction enzyme Sail (Boehringer), and then dephosphorylated. To this plasmid 
PGK promoter fragments excised from a plasmid pGKPuro (WHITEHEAD INSTITUTE, distributed ^ Or Peter W. 
Laird) with restriction enzymes Sail and Xhol (Boehringer) were cloned, thereby obtaining a plasmid pBSPGK302HS. 
The olasmid was cleaved with restriction enzymes EcoRI and Notl (Boehringer). blunt-ended, and dephosphorylated^ 
Then a Notl linker (TAKARA SHUZO CO., LTD.) was ligated to the plasmid. thereby obtaining a plasmid 

OnlhTo^hef haTd, a hyglomycin B-resistant gene cassette was excised from a plasmid #1 -1 33 (distributed by Shunichi 
Takeda Professor Medical School, Kyoto University) with a restriction enzyme BamHI (Boehnnger), and then the ends 
were blunted. The plasmid P BSPGK302HSN was cleaved with a restriction enzyme Sail (Boehringer) and blunt-ended. 
Next the hyqromycin B-resistant gene cassette was cloned, thereby obtaining a plasmid ploxPHyg. 
Next construction of ploxPbsr will be described. First, Sfil linker was inserted into the Sacl site of a plasmid pB uescr.pt 
II SK(-) (TOYOBO) as described above. The Sfi linker had been prepared by synthesizing oligo DNA with the following 
sequence and phosphorylating the 5' end (synthesized by GREINER JAPAN). 
(Sfi linker) 

S'-GGCCGC [ A/T] GCGGCC - 3 ' ( SEQ ID NO: 75) 

The olasmid was cleaved with a restriction enzyme BamHI (Boehringer), and dephosphorylated. Then a DNA fragment 
excised from a plasmid P BS302 (GIBCO) with a restriction enzyme BamHI (Boehringer) was cloned, thereby obtaining 
a plasmid pBSSf K302B. A Spel linker (TAKARA SHUZO CO ., LTD.) was inserted into the Clal site of a plasmid pGREEN 
LANTERN-1 (GIBCO) as described above. A GFP gene cassette fragment excised from a restriction enzyme Spel 
(Boehringer) was cloned into the plasmid P BSSfK302B that had been cleaved with Spel followed by dephosphorylation 
hereby obtaining a plasmid P BSSfK302BGFP. This plasmid was cleaved with a restriction enzyme Xbal (Boehnnger) 
and blunt-ended. Then a DNA fragment (blastcidin S-resistant gene cassette) that had been cleaved with a restriction 
enzyme BamHI (Boehringer) from a plasmid #1 -134 (distributed by Shunichi Takeda, Professor. Medical School. Kyoto 
University) and blunt-ended was cloned, thereby obtaining ploxPbsr. Fig. 60 shows the structure of the cassette vectors 
ploxPHyg and of ploxPbsr. 

Example 88 Construction of targeting vectors pHCF2loxPHyg(F) and (R) 

[0386] Targeting vectors P HCF2loxPHyg(F) and (R) were constructed as follows for insertion of a loxP sequence 
into a HCF2 locus (closely linked to IgX region in the centromere side) on human chromosome #22. Forward (F) and 
reverse (R) targeting vectors were constructed because the transcriptional direction of HCF2 gene was unknown 
(whether it is from centromere to telomere or from telomere to centromere). First, the genomic region of the human 
HCF2 locus was amplified by PCR using the following primers: 
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HCF2 - F2K; 5 ' - TCGAGGTACCGTGAGAACAAGACAGAGAATGAGGGAGG - 3 • 
(SEQ ID NO: 76) 

HCF2 -R2K; 5 ' • TCGAGGT ACCTAATGCAGAGGCTCTTTGGTGTACTTGG - 3 ' 
( SEQ ID NO:77) 

the opposite direction was designated as (R) [pHCF2loxPHyg(F) and (R), F,gs. 61 and 62]. 
Example 89 Construction of a targeting vector pRNR2loxPbsr 

r03871 A targeting vector P RNR2loxPbsr was constructed as follows for insertion of a loxP » ™« 

LTon a numan chromosome #14. First, the genomic region of the human RNR2 locus was amoved by PCR us.ng 
the following primers: 

RNR2-F10E; 5 ' - TCGAGAATTCAGTAGCTGGCACTATCTTTTTGGCCATC - 
3' ( SEQ ID NO:78) 

RNR2-R10E; 5 ' - TCGAG AATTCGGAGAAAGAACACACAAGG ACTCGGTC - 3 ' 
( SEQ ID KO:79) 

DNA with the following sequence was used as the Srfl linker. 

Srf I linker; 5 • - GCCCGGGC - 3 • ( SEQ ID NO: 80) 
Next a plasmid pRNR2 was constructed by Coning the PCR fragment of the above RNR2 gene into the EcoRI site of 
the P^ W ^ ( J^- (TAKARA SHUZ0 co t LTD ., was inserted into the Sfil srte of the cassette vector ploxPbsr, a 
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of the cloned PCR fragment of the RNR2 gene was opposite to that of the loxP sequence was used as a targeting 
vector (pRNR2loxPbsr, Fig. 63). 

Example 90 Construction of a targeting vector pYHZIoxPHyg 

[03881 A targeting vector pYHZIoxPHyg was constructed as follows for insertion of a loxP sequence into the genomic 
reqion (located approximately 30 kb away from the lg K region in the direction of the centromere side) cosYHZ304 
(obtained from Shimizu, Professor, School of Medicine, Keio University) on human chromosome #2. First, the human 
cosYHZ304 genomic region was amplified by PCR using the following primers: 

YHZ-F2B; 5 ' - TCGAGGATCCGATAGAGAGATTGTCTTAA ATGGGTGGG - 3 « 
(SEQ ID NO:8l) 



YHZ-R2B; 5 ' - TCGAGGATCCAACAGCTGGAACTCATAAAAGCATAGC - 3 ' 

( SEQ ID NO:82) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, LA Taq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions PCR was performed for 35 cycles following thermal denaturation at 94 'C for 1 min. Each cycle consisted 
of 98«C for 10 sec and 68'C for 15 min. PCR products were treated with proteinase K (GIBCO) and then subjected 
to qel filtration with a CHROMA SPIN-TE400 (CLONTECH). Then the product was cleaved with a restnct.on enzyme 
BamHI (Boehringer) and subjected to gel fixation using a CHROMA SPIN-TE1000 (CLONTEC). Moreover, the Notl 
site of the plasmid pBluescriptll was deleted by cleaving the site with a restriction enzyme Notl (Boehnnger),blunting 
and sett-ligation. Then a Srfl linker was inserted into the Sacll site, so as to construct a plasmid vector [pBS(N)Sr). A 
plasmid pYHZ was constructed by cloning the PCR fragment of the above cosYHZ304 genomic region into .the jtamHI 
site of the plasmid [pBS(N)Sr]. The plasmid pYHZ was cleaved with a restriction enzyme Tth11 11 (TAKARA SHUZO 
CO LTD ) and blunted. Then a Notl linker (TAKARA SHUZO CO.. LTD.) was inserted into the product, thereby obtaining 
pYHZN In addition, Furthermore, a Notl linker (TAKARA SHUZO CO.. LTD.) was inserted into the Kpnl site of the 
cassette vector ploxPHyg, a DNA fragment containing a loxP sequence was cleaved with a restriction enzyme Notl 
(Boehringer), and then the resultant fragment was cloned into the Notl site of the plasmid pYHZN. The direction of the 
cosYHZ304 sequence is known to be from telomere to centromere according to Shimizu, Professor. School of Medicine, 
Keio University. Thus, the product wherein the direction of the cloned PCR fragment of the cosYHZ304 genome was 
opposite to that of the loxP sequence was used as a targeting vector (pYHZIoxPHyg. Fig. 64). 

Example 91 Construction of a cassette vector pTELPuro 

[0389] A cassette vector pTELPuro was constructed as follows for insertion of a human telomere sequence onto a 
human chromosome. The human telomere sequence was synthesized by PCR according to J.J .Harrington etal. (Na- 
ture Genet 15. 345-355, 1997) and then cloned into the EcoRV site of a plasmid pBluescript II SK(-) (TOYOBO), 
thereby obtaining a plasmid pTEL. Afterthe EcoRI site of a plasmid pGKPuro (distributed by WHITEHEAD INSTITUTE, 
Dr Peter W Laird) was changed to the Notl site, the DNA fragment (puromycin-resistant gene cassette) cleaved with 
a restriction enzyme Notl (Boehringer) was cloned into the Notl site of the plasmid pTEL, thereby obtaining a cassette 
vector pTELPuro (Fig. 65). 

Example 92 Construction of targeting vectors pTELPuroCDBA(F) and (R) 

[03901 Targeting vectors pTELPuroCDSA (F) and (R) were constructed as follows for insertion of a human telomere 
sequence into a CD8A locus (closely linked to the lgK region in the telomere side) on human chromosome #2. Forward 
(F) and reverse (R) targeting vectors were constructed because the transcriptional direction of the CD8A gene had 
been unknown (whether it is from centromere to telomere or from telomere to centromere). First, the genomic, region 
of the human CD8A locus was amplified by PCR using the following primers: 
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CD8A • F 5 ' - TCGAGGATCCCTTTAGTGAAGGCAAAGGAAGGGACACTC • 3 ' 

( SEQ 3D NO: 83) 



CD8A - R 



.TCGAGGATCCTGTAAAGGGGTAGCCTGTCCTCTTTCATG- 3 ' 



( SEQ ID NO:84) 
PCR was performed using 

as a Taq polymerase, and the attached buffer and dNTP^ (dATP CTF> dGT p and a 
conditions. PCR was performed for 35 (GIBCO) and then subjected 

of 98 -C for 10 sec ^'^^ ^S^^t^S^L wKn I restrict enzyme 
to gel filtration with a CHROMA SPIN-TE400 (CLON1 fcUU n nen £ (CLONTECH). The resulting PCR 

BamHI (Boehringer) and subjected to gel f trat,on OTP.O'MA SWN ^ El l ^ ^ 

fragment was cloned into the BamHI site of he plasm.d pTELPuro. Next th clone 8 whQse d , rection 

direction was same as that of the human telomere "^^^^^i HQ. 68 and 67]. 
was opposite to the cloned CD8A genomic fragment as (R) [pTELPuroCDBA(r-) ana 9 

Examp.e 93 Site-directed insertion of a loxPHyg cassette onto human chromosome #22 in a chicken DT-40 cell 

, ^ .„ th» nrF5 inrus was attempted by transfecting the targeting vectors 

[0391] '^ertion of the loxPHyg cassette to ^ 

P HCF21cxPHyg(F) and (R) constructed as n Example 88 in ° a ^* ce " D a| N a uc|eic Acid Resea rch. 26: 

fragment In which telomere-directed truncation occurred at the LIF locus (Kuroiwa 

3447-3448, 1 998). medium (GIBCO) supplemented with 1 0% fetal bovine 

[0392] Chicken DT-40 cells were cultured in a RPMI1 640 medium ■ L d 1 0 -4 M2 -mercaptoethBnol (Sigma). 

UJ(OIBCO. herein after referred to as FBS) ^^^KmSJn an "spewed in 0.5 ml* an 
Approximately 10' cells were washed once wrth an add "".^'^^^pHc^ioxPHyg (F) and (R) linearized 
additfce-free RPMI1640 medium. Twenty five to 30 , of the 

with a restriction enzyme Notl (Boehringer were ^ SSJSSS. The cuvette was set in a gene 

for electroporation (Bio-Rad) and allowed to stand for 1 0 minutes , at room temper ^ ^ 

Southern hybridization was performed on this filter us.ng a HCF2 probe to «wmy™ temo | ate A 32P - labeled 
HCfS probe was constructed by PCR using the following gn-j. > anda ^^^SS^ the attache d 
DNA probe was constructed by random priming using a PCR product as a template ^ 

protocol). 

HCF2-F4; 5 • - CACATGACAAGAGCTCAGCG - 3 ' ( SEQ ID NO:85) 

HCF2-R4; 5 • - TCTGACTTCCTCATGAGAGCC - 3 • {SEQ ID NO : 86 ) 

PCR was performed using G eneAmp9600 ^"^^ 

as a Taq polymerase, and the attached buffer and dWTP i (dATP. ' cycle consisted of 1 min, 
conditions. PCR was performed for 35 cycles followmg thermal ^J^^raoxPHyatF). a band not less 
98-C for 10 sec. 65'C for 30 sec, and 72 «C or 1 mm. F ° r * a "^^^ 
than20kbband was detected for the non homologous fec °^ 

For the targeting vector P HCF2loxPHyg(R), a band not ^Z^^^n™^****™ hybridization results 
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and 28 out of 60 clones were the target homologous recombinants in (R)(cal.ed HF and HR clone, respectively). 
Example 94 Site-directed insertion of a loxPbsr cassette onto human chromosome #14 in a chicken DT-40 cell 

the fallowing primers (Fig. 63). 

RNR2-1; 5' -TGGATGTATCCTGTCAAGAGACC-3 ' (SEQ ID NO:87) 

STOP-3; 5' -CAGACACTCTATGCCTGTGTGG-3' (SEQ IP NO:88) 

PCR was performed using GeneAmp9600 (P^jrj) « -^'^^^^^^^22 
as a Taq polymerase, and the attached buffer and ^^^^^SSt min. Each cycle consisted 

8 out of 60 clones. That is. the homologous recombinant was obtained (called R clone). 
Example 95 Site-directed cleavage of human chromosome #2 in a chicken DT-40 cell 

ug/ml). Genome DN As were extracted from the resistant clones, and then tne nomoiuguu 
by PCR using the following primers (Figs. 66 and 67). 
For the targeting vector pTELPuroCD8A(F) 

CD8A-3; 5 ' - GCC CTCATGGAAATCTCCTGGG - 3 * (SEQ ID NO : 8 9 ) 



40 



45 CDP 



uro-1; 5<-GCAGCAACAGATGGAAGGCCTC-3' (SEQ ID NO:90) 
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For the targeting vector pTELPuroCD8A(R) 

CD8A-2: 5 ' - GAACAGAAAGCC ACTCTTGCTTTCCAT - 3 ' ( SEQ ID NO-. 91) 

CDPuro-2; 5 ' - ACCGAGCTGCAAGAACTCTTCCTCAC - 3 ' (SEQ ID NO: 92) 
PCR was performed using ~600 ^Pe« 
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10 



15 



of 98-C for 10 sec and 68«C for 10 min. Hence, PCR products were amplified as expected in 2 out of « -clone* , tor 

PCR and FISH ana^sis were portom* to confirm cleavage of chromosome #2 occurred at the C08A 
locus in the homologous recombinants. CD and CR clones. 



(1) PCR analysis 



were manufactured by BIOS. 
Vk3 detection primers 



VK3 - F I 5 ' -CTCTCCTGCAGGGCCAGTCA- 3 ' (SEQ ID NO;93) 
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VK3-R; 5 ' - TGC TGATGGTGAGAGTG A ACTC - 3 ' ( SEQ ID NO:94) 

Ck detection primers 

CK-F; 5 ' -TGGAAGGTGGATAACGCCCT- 3 ' (SEQ ID NO : 9 5 } 



CK 



r ; 5 ' - T C ATTCTCCTCCAAC ATT AGC A - 3 ' (SEQ ID NO:96) 



PCR was pehorme,, .* =-~™'trp'S^ 

ogous recombinant CR clone, ail markers were detected. 



(2) FISH analysts 



[0399] To visually determine thai human chromosome #2 was cleaved at the CD8A locus, ~^nt!XS. 
\Z^t^Z the human chromosome « was cleaved a. the CP8A looos In ™ 

b,:bo=^ 

determine an unknown transcriptional direction for a locus. 

Example 96 Site-directed insertion of a loxPHyg cassette onto human chromosome #2 in a chicken DT-40 cell 
riMOll insertion of the loxPHyg cassette at the cosYHZ304 genomic region was attempted by transfecting the tar- 
l Z v^S^PHyg -structed as in Examp.e 90 into the ^F^^^Z^^^ 
chromosome #2 fragment in which telomere-directed truncation occurred at the CD8A locus obtained bxamp. 



above. 
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[0402] As described above, the targeting vector pYHZIoxPHyg linearized with a restriction enzyme Srfi (TOYOBO) 
was transf ected, followed by selection culture for about 2 weeks in the presence of hygromycin B (1 mg/ml). Genome 
DNAs were extracted from the resistant clones, and then the homologous recombinants were identified by PCR using 
the following primers (Fig. 64). 

YHZ-2; 5 ' -TCCTCTTTTTCCTTCCTTTGCCTC - 3 ' (SEQ ID NO:97) 



Yhyg-2; 5 ' - ATTATTTTGGGCGTTGCGTGG - 3 ' (SEQ ID NO : 9 8 ) 

PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, LATaq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and cTTP) following the recommended 
conditions. PCR was performed for 35 cycles following thermal denaturation at 94 °C for 1 min. Each cycle consisted 
of 98 °C for 1 0 sec, and 65 °C for 5 min. The homologous recombinant (called Y clone) can be identified by this analysis. 

Example 97 Construction of a human artificial X-HAC having both a human antibody heavy-chain gene cluster and a 
X light-chain gene cluster 

[0403] To express a complete human antibody stably and efficiently in a mouse as described in the general descrip- 
tion construction of a human artificial chromosome X-HAC having both a human antibody heavy-chain gene cluster 
and" a X light-chain gene cluster was attempted by translocating of a human chromosome #22 fragment consisting of 
HCF2-lgX-LIF, to the RNR2 locus on a human chromosome #14 fragment SC20 containing human IgH. 
[0404] First! a DT40 hybrid cell retaining both the human chromosome #22 fragment and the chromosome #14 
fragment SC20 was constructed by cell fusion of the homologous recombinants HF and HR clones obtained in Exam- 
ples 93 and 94 above with the homologous recombinant R clone. 

(1) Construction of a DT40 hybrid cell retaining both the human chromosome #22 fragment and the chromosome #14 
fragment SC20. 

[0405] The R clone was cultured in a RPMI1 640 medium containing blastcidln S (1 0 ng/ml) and HF clone In the same 
medium containing hygromycin B (1 mg/ml). The two types of clones (1-2 x 10* clones) were mixed, subjected to 
centrifugation, and washed twice with a serum-free RPMI1640 medium. After complete removal of the remaining me- 
dium 0 5 ml of 50% PEG 1 500 (Boehringer) kept at 37 °C was added gently to the product, followed by vigorous mixing 
for approximately 2 minutes with a pipette. To the mixture, 1 ml of a serum-free RPMI1 640 medium was added slowly 
for 1 minute, and then 9 ml of a serum-free RPMI1 640 medium was added slowly for 3 minutes. Then the mixture was 
allowed to stand for 10 minutes at 37 °C . Subsequently, the mixture was centrifuged at 1200 rpm for 5 minutes, and 
cultured in an RPMI1 640 medium containing serum for 24 to 48 hours. Then the medium was replaced by an RPM11 640 
medium containing blastcidin S (10 ng/ml) and hygromycin B (1 mg/ml), dispensed into five 24-well culture plates, and 
then cultured for 3 to 4 weeks. Similarly, the HR and R clones were fused (cell fusion). Genome DNAs were extracted 
from a hybrid cell (called RHF clone) obtained from cell fusion of the HF and R clones and a hybrid cell (called RHR 
clone) obtained from the HR and R clones. PCR was performed using the following primers, confirming retention of 
two chromosomes, human chromosomes 14 and 22. 
Human chromosome #14 detection primers 

VH3-F; 5 ' - AGTGAG ATA AGC AGTGG ATG - 3 ' (SEQ ID NO:99) 



VH3-R; 5 ' - GTTGTGCTACTCCCATCACT - 3 ' (SEQ ID NO:100) 
Human chromosome #22 detection primers 
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IgX-F; 5 ' - GAGAGTTGC AGAAGGGGTGACT - 3 ' (SEQ ID NOrlOl) 

IgX-R; 5 1 - GGAGACCACCAAACCCTCCAAA - 3 ' (SEQ ID NO:102) 

PCR was performed using GeneAmp9600 (Perkin-EImer) as a thermal cycler, Ex Taq (TAKARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions PCR was performed for 35 cycles following thermal denaturation at 94*C for 1 min. Each cycle consisted 
of 98°C for 10 sec, 56°C for 30 sec, and 72°C for 30 sec. PCR showed that 6 clones of the RHF clones and 2 clones 
of the RHR clones were positive for both VH3 and IgX. In addition, FISH using a human COT1 DNA as a probe revealed 
that all of these clones retained two individual human chromosomes. The above results suggest that the RHF and 
RHR hybrid clones retain two chromosomes, human chromosomes 14 and 22. 

(2) Site-directed translocation of the human chromosome #22 fragment to the chromosome # 1 4 fragment SC20 in the 
RHF and RHR hybrid clones 

(2)-1 Construction of a vector pBS185hisD stably expressing Cre recombinant enzyme 

[0406] As described in the general description, site-directed translocation of a human chromosome is performed 
using the Cre-loxP system. With this system/the recombination efficiency between non homologous chromosomes is 
expected to be very low. Thus the following expression vector was constructed to express Cre enzyme stably, not 

[SoS^The Cre recombinant enzyme expression vector pBS185 (GIBCO) was cleaved with a restriction enzyme 
EcoRl (Boehringer) followed by insertion of a Bglll linker, thereby obtaining pBS185Bg. A histidinol-reststant gene 
cassette was excised from a plasmid #1-132 (distributed by Shunichi Takeda, Professor, School of Medicine, Kyoto 
University) with a restriction enzyme BamHI (Boehringer), and then cloned into the Bglll site of the pBS1 85Bg, thereby 
obtaining a vector pBS1 85hlsD (Fig. 70).. 

(2)-2 Site-directed translocation of the human chromosome #22 fragment to the chromosome #14 fragment SC20 in 
the RHF and RHR hybrid clones using the Cre-loxP system. 

[0408] As described above, the Cre recombinant enzyme stable expression vector P BS185hisD linearized with a 
restriction enzyme Kpnl (Boehringer) was separately transfected to the RHF and RHR hybrid clones, and subjected 
to selection culture for approximately 2 weeks in the presence of histidinol (0.5 mg/ml). Subsequently, the resistant 
cell population was dispensed into four 6-well culture plates (24 pools) . Two pools were randomly selected and cultured 
to approximately 10 7 cells. The cell pool was suspended in 4 ml of PBS (phosphoric acid buffer) supplemented with 
5% FBS and 1 ug/ml propydium iodide(PI), and subjected to analysis with FACSVantage (Becton Dickinson). As de- 
scribed above since recombination (translocation) between loxPs results in reconstruction and expression of GFP 
gene cells carrying translocation can be detected by FACS. Sorting was repeated 4 times forthe cell fraction suspected 
to be'positive for GFP. Culture was conducted after every sorting in a RPMI1640 medium containing hygromycin B (1 
mg/ml) in order to remove the cells retaining acentric chromosomes as described below. As a result, GFP-positive cells 
could be concentrated with a purity of 98 - 99% from the RHF clone, however, none could be concentrated from the 
RHR clone It was suggested that the directions of two loxPs were the same as each other in the RHF clone (from 
centromere to telomere) as shown in Fig. 71 and that translocation resulted in a normal chromosomal structure. How- 
ever in the RHR clone, the directions of two loxPs differed from each other so that translocation resulted in a dicentric 
chromosome having two centromeres and an acentric chromosome lacking a centromere. For example, this can cause 
no qrowth in the presence of hygromycin B. In other words, no cells can be concentrated. The results show the specificity 
of the experiment for translocation with thissystem. In addition, HCF2 gene is expected to be transcribed in the direction 
from centromere to telomere. *u * i 

[0409] Next, whether recombination occurred between loxPs as expected was confirmed by PCR for the two clones 
(called SF2-21 and SF2-23) cloned by FACS from RHF. Genome DNAs were extracted from the SF2-21 and SF2-23 
and PCR was performed using the following primers. 

PGK-1; 5 ' -ATAGCAGCTTTGCTCCTTCG-3 ' (SEQ ID NO: 103) 
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GFP-1; 5 ' - TTCTCTCCTGCACATAGCCC - 3 ' (SEQ ID NO: 104) 



PCR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler, EX Taq (TAXARA SHUZO CO., LTD.) 
as a Taq polymerase, and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
conditions. PCR was performed for 35 cycles following thermal denaturation at 94 °C for 1 min. Each cycle consisted 
of 98 °C for 1 0 sec, 61 °C for 30 sec and 72 °C for 1 min. As shown in Fig. 72, when the PCR with these primers yields 
a product of about 600 bp, this suggests that recombination occurred between loxPs. Fig. 73 shows the result. In the 
RHF clone to which no Cre recombinant enzyme stable expression vector was transfected, no PCR product was ob- 
tained, whereas in SF2-21 and SF2-23, a PCR product of approximately 600 bp was obtained. 
In addition, FISH was performed using a human 14q ter-specific probe (the long arm telomere region of human chro- 
mosome #1 4 was detected, FITC-labeled) and a pGKPuro probe (the long arm telomere region of human chromosome 
#22 fragment was detected, Rhodamin-labeled). Thus, FITC and rhodamin signals were detected in the telomere 
regions on both ends of the same chromosome (Fig. 74). Another FISH using a human chromosome #14-specific 
probe (labeled with modamin) and human chromosome #22-specific probe (labeled with FITC) also resulted in detection 
of signals derived from the both probes on the same chromosome (Fig. 74). 

[0410] In conclusion, translocation occurred in SF2-21 and SF2-23 as expected and a human artificial chromosome 
X-HAC containing both the human heavy-chain gene cluster and the X light-chain gene cluster on the same chromosome 
was constructed. 

Example 98 Construction of a human artificial chromosome k-HAC containing both human antibody heavy-chain and 
k light-chain gene clusters 

[0411] A human artificial chromosome k-HAC containing both human antibody heavy-chain and k light-chain gene 
clusters can be constructed by translocation of the human chromosome #2 fragment consisting of cosYHZ304-lgic- 
CD8A to the RNR2 locus on the chromosome #14 fragment SC20 containing human IgH. 

[0412] First, a DT40 hybrid cell retaining both the human chromosome #2 fragment and the chromosome #14 frag- 
ment SC20 was constructed by cell fusion of the homologous recombinant Y clone obtained in Example 96 above with 
the homologous recombinant R clone. 

(1) Construction of a DT40 hybrid cell retaining both the human chromosome #2 fragment and the chromosome #14 
fragment SC20. 

[0413] The R clone was cultured in a RPMI1640 medium containing blastcidin S (10 u.g/ml) and the Y clone in the 
same medium containing hygromycin B (1 mg/ml). The two types of clones (1-2 x 10 7 clones) were mixed, subjected 
to centrifugation, and washed twice with a serum-free RPMI1 640 medium. After complete removal of the remaining 
medium, 0.5 ml of 50% PEG 1500 (Boehringer) kept at 37 °C was added gently to the product, followed by vigorous 
mixing for approximately 2 minutes with a pipette. To the mixture, 1 ml of a serum-free RPMI1 640 medium was added 
slowly for 1 minute, and then 9 ml of a serum-free RPMI1640 medium was added slowly for 3 minutes. Then the mixture 
was allowed to stand for 1 0 minutes at 37 °C . Subsequently, the mixture was centrifuged at 1 200 rpm for 5 minutes, 
and cultured in a RPMI1640 medium containing serum for 24 to 48 hours. Then the medium was replaced by a 
RPMI1640 medium containing blastcidin S (10 u,g/ml) and hygromycin B (1 mg/ml), dispensed into five 24-well culture 
plates, and then cultured for 3 to 4 weeks. Genome DNAs were extracted from the hybrid clones(called RY clone), and 
subjected to PCR using the following primers, thereby confirming the retention of two chromosomes, human chromo- 
somes 14 and 2. 

Human chromosome #14 detection primers 

VH3-F; 5 ' - AGTGAG ATAAGCAGTGG ATG - 3 ' (SEQ ID NO:105) 



VH3-R; 5 ' - GTTGTGCTACTC CCATCACT - 3 ' (SEQ ID NO:106) 



Human chromosome #2 detection primers 
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CK-F; 5 ' -TGGAAGGTGGATAACGCCCT- 3 ' (SBQ ID NO:107) 

CK-R; 5 ' -TCATTCTCCTCCAACATTAGCA-3 ' (SEQ ID NO:108) 

PGR was performed using GeneAmp9600 (Perkin-Elmer) as a thermal cycler. Ex Taq (TAKARA SHUZO CO., LTD.) 
L P0Wm«ase. and the attached buffer and dNTP (dATP, dCTP, dGTP and dTTP) following the recommended 
rLdlfonrpCR was performed for 35 cycles following thermal denaturation at 94 'C for 1 min. Each cycle consisted 
-C for 10 sec 56^0 Tfor 30 second 72 »C for 30 sec. Furthermore, FISH was performed using human XOT1 
DNA as a probe to confirm that the two human chromosomes exist independently. The above resu.ts can conf.rm that 
the RY hybrid clone retains two chromosomes, human chromosomes 14 and 2. 

(2) Site-directed translocation of the human chromosome #2 fragment to the chromosome #14 fragment SC20 in the 
RY hybrid clone 

m/1141 As described above the Cre recombinant enzyme stable expression vector pBS1 85hlsD linearized with a 
SSSto^LS^^SnTSlirinB-J was transfected to the RY hybrid Cone, and subjected to selection culture for 
aooro^ate7 2 weeks in the presence of histidinol (0.5 mg/ml). Subsequently, the resistant cell populate was dis- 
eS four 6 we., culture plates (24 pools). Two pools were randomiy selected and ^^""^ 
cells The cell pool was suspended in 4 ml of PBS (phosphoric acid buffer) supplemented w.th 5% FBS an 1 ^g/m 
propyd^um iodde (PI), and subjected to analysis with FACSVantage (Becton Dickinson). Sortmg was repeated several 
25 times for the cell fraction suspected to be positive for GFP. 

Similarly whether recombination occurs as expected between loxPs in RY-derrved clones to clo ™^™S C ™ 
! nfiJlri hv PCR usina PGK-1 and GFP-1 primers. This can also be confirmed by FISH using a human 14q ter- 
L^Tnobelng amn telomere region of the human chromosome #14 is detected, FITC-labeled) and a pGKPuro 

so F SH £ ng a human chromosome #14-specific probe and a human chromosome #2-speaf,c pro* > «^ »-* * 
conclusion that a human artificial chromosome k-HAC containing both the human heavy-cha.n gene cluster and the k 
light-chain gene cluster on the same chromosome is constructed. 

Example 99 Introduction of human artificial chromosomes A-HAC and k-HAC from a DT40 hybrid cell into a Chinese 
35 hamster CHO cell 

[0415] X-HAC and k-HAC were first introduced into a CHO cell by MMCT for the purpose of introducing X-HAC and 

^61 in SF a 2 .2rand E S S F2 C 23 DT40 hybrid cells were separately cultured on 8 Petri dishes with a diameter of ISO mm 
Then the celte reached a conf.uent state, the medium was exchanged with a RPMI1640 medium -PPlemen e w h 
Toy! FBS T% chicken serum. 1 0-M2-mercaptoethanol. 0.05 ug/ml colcemid, and cultured for another 36 hou» to 
form a mterocell. The cells were suspended in 24 ml of a serum-containing RPM.1640 med.um, and d.spensed 2 m 
t'each o twelve 25 cm* centrif ugation flasks precoated with 100 ug/ml po* L-lysin. Then Jec*- , cu^ed or 
hour at 37-C allowing the cells to adhere to the bottom of the flasks. Followmg removal of the cul solution, 
cviochatasin B (10 ug/ml, Sigma) solution kept at 37«C was added to a centrifugation flask, then subjected to centnf- 
^?80MSSr 1 hour a! 34 'C . The microcel. was suspended in a serum-free DM EM ^dmm and punf,ed 
wfh a 8 urn and 5 urn filters. Following purification, the product was centrifuged at 1 700 rpm, for 10 m.nutes, and then 
Upended in mfS a serum-free DMEM medium. On the other hand, approximately W CHO cells ; were ^ removed 
bXsi'ization.Thecellswerewashed twice in a semm-freeDMEM medium, and then suspended m 5 ml of a serum- 
Z ^um medium. Again, the microcell was centrifuged at 1 700 rpm for 1 0 minutes. Without remov.ng the superna- 
tant 5 ml of the CHO suspension was layered gently over the supernatant. Following centrifugat.on. the cultu ire solution 
wa sfemoved 0.5 ml of 1:1.4 PEG solution [5 g of PEG1000 (Wako Pure Chemicals Co.. Ltd) and 1 ml of DMSO 
r S 1amaTreredLolved in 6 ml of DMEM] was added, followed by vigorous stirring with a pipette for approbate y 2 
m inuTe Subsequent*. 10 ml of a serum-free DMEM medium was added gentry to the mixture or about 3 mmutes 
rdaLedtostandtorlOminutesatsrC. After centrHugation. the cells ™^^ aF "^£^ 
TJe mented with 1 0% FBS. dispensed into ten 24-well culture plates, and cultured for 24 hours at 37 -C . Then the 
mediumw^ 

EST Genome DNAs were extracted from the G418-resistant clones. Then the CHO clone reta.nmg X-HAC was 
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identified by PCR in the conditions as described above using IgX and VH3 detection primers, PGK-1, and GFP-1 
primers (data not shown). Moreover, FISH was performed using human chromosome #14-specific and 22 -specific 
probes for the clone positive in the PCR above, thereby visually confirming the presence of X-HAC. These results 
suggested that a CHO clone retaining X-HAC was obtained. 
5 I 0418 ! in exactly the same manner, CHO cells retaining k-HAC can be cloned. 

Example 100 Introduction of X and k-HAC from a CHO cell into a mouse ES cell 

[0419] To produce a chimeric mouse retaining X and k-HAC, X and k-HAC retained in a CHO cell were introduced 

10 to a mouse ES cell by MMCT 

[0420] According to Tomizuka et al's method (Nature Genet. 16: 133, 1997), a microcell was purified from the CHO 
cell retaining X and k-HAC of approximately 1 0 8 , then suspended in 5 ml of DMEM. Approximately 1 0 7 mouse ES cells, 
TT2F, were removed by trypsin treatment, washed three times with DMEM, and suspended in 5 ml of DMEM. Next the 
suspension was added to the centrifuged microcell, and subjected to centrifugation at 1250 rpm for 10 minutes so as 

15 to completely remove the supernatant. The precipitate was mixed well by tapping. Then 0.5 ml of 1 :1 .4 PEG solution 
[5g of PEG 1000 (Wako Pure Chemicals Co., Ltd) and 1 ml of DMSO (Sigma) were dissolved in 6 ml of DMEM] , 
followed by stirring well for approximately 1 .5 minutes. Subsequently 10 ml of DMEM was slowly added to the product. 
Then the product was centrifuged for 10 minutes at 1250 rpm, and suspended in 30 ml of an ES medium. The sus- 
pension was dispensed into 3 Petri dishes (CORNING) with a diameter of 1 00 mm containing feeder cells pre-inoculated 

20 therein for culturing. 24 hours later, the medium was exchanged with a medium containing 300 ng/ml G418, followed 
by selection culture for approximately 1 week. Genome DNAs were extracted from the drug-resistant colonies, and 
then PCR was performed in conditions as described above using IgX or Ck and VH3 detection primers. Furthermore, 
FISH was performed using probes specific to human chromosomes 14 and 22, or 2. In conclusion, the ES cell clone 
retaining the target human artificial chromosomes X and k-HAC was obtained. 

25 

Example 101 Production of a chimeric mouse retaining human artificial chromosomes X and k-HAC 

[0421] A chimeric mouse was produced in the manner as described in Example 1 0 using the ES cell clone as obtained 
in Example 1 00 above. Possible hosts include ICR and MCH (CLEA JAPAN, INC.) or an embryo at the S^ell cell stage 

30 obtained by mating antibody heavy-chain knockout female and male mice as established in Example 67-(1). The coat 
color of the progeny mice born as a result of transplantation of the injected embryo into surrogate mice determines 
whether they are chimeric or not (Example 68-(3)). Chimeric mice can be obtained from the ES cell line retaining human 
artificial chromosome X-HAC or that retaining k-HAC. It is suggested that the ES cell line retaining human artificial 
chromosome X-HAC or that retaining k-HAC possesses chimera-forming ability, that is, retaining ability to differentiate 

35 into the normal tissue of a mouse. 

Example 1 02 Expression of a complete human antibody in a chimeric mouse retaining human artificial chromosomes 
X-HAC and k-HAC 

40 [0422] Retention of HAC by chimeric mice is as shown by PCR and FISH analysis (Examples 97 and 98) and the 
method (Tomizuka et a!., Nature Genetics, 16, 133-143). The expression of complete human antibody molecules con- 
sisting of human IgX chain, human Ig heavy-chain and human IgX chain/heavy-chain in a chimeric mouse retaining X- 
HAC is confirmed by the method described in Example 65. Moreover, the expression of complete human antibody 
molecules consisting of human IgK chain, human Ig heavy-chain and human IgK chain/heavy chain in a chimeric mouse 

45 retaining k-HAC is also confirmed by the method described in Example 65. 

Example 1 03 Transfer of human artificial chromosomes X-HAC and k-HAC from the chimeric mice to its progeny 

[0423] Transfer of X-HAC and k - HAC from the chimeric mice to its progeny was examined by the method described 
so in Example 68-(4). As a result, the two mouse strains, retaining and transferring X-HAC and k-HAC, respectively to its 
progeny are established. The retention of HAC in these mice strains is shown by PCR and FISH analysis (Examples 
97 and 98) and the method (Tomizuka et al., Nature Genetics, 16, 133-143). In addition, the expression of complete 
human antibody molecules consisting of human IgX chain, human Ig heavy-chain and human IgX chain/heavy-chain 
in the mouse strain retaining and transferring X-HAC to its progeny is confirmed by the method as described in Example 
55 65. The expression of complete human antibody molecules consisting of human IgK chain, human Ig heavy-chain and 
human IgK chain/heavy-chain in the mouse strain retaining and transferring k-HAC to its progeny is confirmed by the 
method as described in Example 65. As described in Example 73, the mouse strain retaining and transferring X-HAC 
or k-HAC to its progeny is repeatedly mated with a mouse strain deficient in endogenous antibody heavy-chain and 
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light-chain k genes, whereby the mouse strains retaining X-HAC or k-HAC and being homozygous for endogenous 
antibody heavy-chain gene and k chain gene deficiency can be obtained. Complete human antibodies are mainly 
produced in these mouse strains. 

[0424] Stable retention of each HAC is examined for the mouse strains retaining and transferring X-HAC or k-HAC 
5 to its progeny by the method described in Example 68-(5). The results show the stable retention of each HAC in the 
somatic cells of the mouse strains. 

Example 104 Introduction of the human chromosome #22 fragment in which telomere-directed truncation occurred 
at LIF locus into a Chinese hamster CHO cell 

10 

[0425] 

[0426] The human chromosome #22 fragment in which telomere-directed truncation occurred at LIF locus was in- 
troduced into CHO cells by MMCT for introduction of the fragment into mouse ES cells, 

[0427] The chicken DT-40 cell clones retaining the human chromosome #22 fragment in which telomere-directed 

is truncation had occurred at LIF locus were separately cultured on 8 Petri dishes with a diameter of 150 mm. When the 
cells reached a confluent state, the medium was exchanged by RPMI1640 media supplemented with 20% FBS, 1% 
chicken serum, 10- 4 M2-mercaptoethanol, and 0.05 u.g/ml colcemid, and cultured for another 36 hours to form the 
microcell. The celts were suspended in 24 ml of a serum-containing RPMI1640 medium, and dispensed 2 ml into each 
of twelve 25 cm 2 centrif ugation flasks (CORNING) precoated with 1 00 u.g/ml poly L-lysin. Then the ceils were cultured 

20 for 1 hour at 37°C for the cells to adhere to the bottom of the flask. Following removal of the culture solution, a centrif- 
ugation flask was filled with cytochalasin B (1 0 u.g/ml, Sigma) solution kept at 37°C t and then subjected to centrif ugation 
at 8000 rpm for 1 hour at 34 8 C. The microcells were suspended in serum-free DM EM media, and purified with a 8 jim 
and 5 u.m filters. Following purification, the product was centrifuged at 1700 rpm, for 10 minutes, and then suspended 
in 5 ml of a serum-free DMEM medium. On the other hand, approximately 1 0 7 CHO cells were removed by trypsinization. 

25 The cells were washed twice in a serum-free DMEM medium, and then suspended in 5 ml of a serum-free DMEM 
medium. Again, the microcell was centrifuged at 1700 rpm for 10 minutes. Without removing the supernatant, 5 ml of 
the previously prepared CHO suspension was layered gently. Following centrif ugation, the culture solution was re- 
moved, 0.5 ml of 1:1.4 PEG solution [5 g of PEG1000 (Wako Pure Chemicals Co., Ltd) and 1 ml of DMSO (Sigma) 
were dissolved in 6 ml of DMEM], followed by vigorous stirring with a pipette for approximately 2 minutes. Subsequently, 

30 10 ml of a serum-free DMEM medium was added gently to the mixture for about 3 minutes, and allowed to stand for 
10 minutes at 37 °C. After centrif ugation, the cells were suspended in a F12 medium (GIBCO) supplemented with 10% 
FBS, dispensed into ten 24-well culture plates, and cultured for 24 hours at 37 °C . Then the medium was exchanged 
with a F12 medium containing 800 jig/ml G418, followed by selection culture for 3 to 4 weeks. 
[0428] Genome DNAs were extracted from the G418-resistant clones and subjected to PCR using IgX, D22S315, 

35 D22S272, D22S278 detection primers and Puro-1 and LIF-1 primers (Kuroiwa et al., Nucleic Acid Research, 26: 
3447-3448, 1998). Thus, two markers, D22S272 and D22S278 were not detected as expected, however, the other 
markers were all detected. In addition, FISH using human COT1 DNA and pGKPuro probes revealed that two human 
chromosome #22 fragments were retained and a signal derived from pGKPuro probe was observed on each of the 
one end of the telomere. Accordingly, it was concluded that the CHO cell clone retaining two individual human chro- 

40 mosome #22 fragments in which telomere-directed truncation had occurred at LIF locus was obtained. 

Example 105 

Introduction of human chromosome #22 fragment C68 into an endogenous antibody heavy-chain and k chain deficient 
45 mouse ES cell retaining human chromosome #14 fragment SC20 

[0429] The human chromosome #22 fragment C68 obtained in Example 83 was introduced by the microcell method 
into the mouse ES cell line HKD2-1 as produced by the method in Example 61 -(1) to be deficient In endogenous 
antibody heavy-chain and k chain and to retain the human chromosome #14 fragment SC20. Except the use of the 

50 CHO cell clone C68-6 retaining two human chromosome #22 fragments obtained in Example 104 as chromosome 
donor cells, the method described in Example 35 was employed. The resultant puromycin- and G418-resistant strain 
(double resistant strain) NLH (CHOI) was subjected to PCR analysis, confirming the retention of the introduced chro- 
mosomal fragments. Three types of primers, D14S543 (Example 68) for the chromosome #14 fragment, and IgX and 
D22S315 for chromosome #22 (Example 2) were used in total. Thus, all three types of the markers were confirmed to 

55 be present in the NLH(CH01) strain. In addition, FISH analysis was performed using a human chromosome-specific 
probe (Example 68). Microscopic study of 50 nuclear plates showed that two individual chromosomal fragments hy- 
bridizing to the probes were observed for 45 (90%) nuclear plates. These two chromosomal fragments were thought 
to be human chromosome #14 fragment SC20 and human chromosome #22 fragment C68, respectively. Therefore, 
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NLH(CH01) strain was confirmed to retain the chromosome #14 fragment SC20 and the chromosome #22 fragment 
C68 simultaneously. 

Example 1 06 Detection and quantification of human antibodies in sera of the chimeric mice produced ^ injecting 
enTgelus antibody heavyxhain and Kchain gene deficient mouse ES cells retaining the human chromosome #14 
fragment SC20 and the human chromosome #22 fragment C68 into immunodefic.ent mouse host embryos . 

t04301 A chimeric mouse was produced by the method shown in Example 10 and the like from the mouse ES cell 
i„t 2 HrCHOlTobtaTned in Example 105. The host embryo used herein was an embryo at the 8-cell stage ob a.ned 
to^^S^ZSZ heavy«hain knockout mice establ.hed in Exampie 67-(1 ). A total of 307 n|ec ed 
l^os we^ transplanted so that 32 progeny mice were born. Whether progeny are ch.mer.c or not was determ.ned 
bv thTcoa c £ T a 7s if progeny exhib J wild type color (dark brown) among white coat color derrved from the 
h J, emb^o (ICR) it is de enLed as a chimeric mouse. Fourteen out of 32 progeny mice bom clearhy exh.brted wild 
Lpe £^2'ik££ contribution of the ES cells was confirmed. These resuKs confirms that the endogenous 
Sody heavy-chain gene- and k chain gene-deficient mouse ES cell line NLH(CH01 ), reta-mng human chromosome 
^4 figment SC20 and human chromosome #22 fragment C68 simultaneously, retains ch.mera-form.ng ab.irty. that 
retains the ability to differentiate into normal mouse tissue. 

Sordino o Examples 14 32 and 85, for quantification of various human immunoglobulin concentrations and mouse 

concentration in sera. Tab,e 29 shows the resuK. High concentrations of 
cZ and X chain were detected in sera of the chimeric mice. The mouse X chain cany.ng und,sru P ted genes was 

nko detected however, its concentration was lower than that of human X chain. 

^432, ?hese results suggested that the expression of complete human antibody molecules consisting of human 
heaw-chlin and human X Stain in the chimeric mouse was dominant over that of hybrid anybody molecules cons,st ng 
of h^man heavv chain and mouse X chain. That is, it was confirmed that the human chromosome mtroduced v,a the 
chick^ D? 47cel. lotions in the mouse and protein encoded by the human gene on the human chromosome ,s 

Sr^ransfer of fragment C68 from the chimeric mice to its progeny mice was examined by the method ^described 
c.LZ 5 (4) Thus a mouse strain retaining fragment C68 and transferring it to progeny was established. The 

* sh °- * pcr and fish ana,ys,s (Examp,e t Furthe "r,he 

S?lin^6fcSC20) retaining both fragments SC20 and C68 can be obtained by mat.ng th.s mousewrt .the 
Zse Ta n retaining and transferring chromosome #14 fragment SC20 to its progeny. The °*P™s™« c ™*«° 
Zan anTibormolecules consisting of human IgX chain, human lg heavy-chain and human IgX cha.nmeavy-chain 
in the mouse strain (C68+SC20) is confirmed by the method described in Example 65. 



Mouse name 


Human \i chain (mg/l) 


Human y chain (mg/l) 


Human X chain (mg/l) 


Mouse X chain (mg/l) 


C-1 


840 


90 


1300 


150 


C-3 


560 


170 


470 


170 


C-1 2 


980 


650 


1700 


440 



Example 107 Preparation of a HSA-specific human antibody-producing hybridoma from the ^™" c ™l^ C(>d 
bySng endogenous antibody heavy-chain and k chain gene- deficient mouse ES cells, which retain hum 
cLmosome #14 fragment SC20 and human chromosome #22 fragment C68, into ,mmunodef,c,ent mouse host 
embryos. 

.0434] The chimerte mice C-10 (derived from NLH(CH01); 30% chimerism) as P rodu ^" E .^ 
Eed with HSA. A HSA solution 0.25mg/ml was prepared by mixing human serum album.n l^'**™-' * 3 ™ 2 > 
Isolved in PBS and an adjuvant (J.terMaxGold, Cytrx). The mouse was immunized tw>ce with 0.15ml of the HSA 
s SSo* ml each was injected subcutaneously at three positions in total). Initial ^^^ff^S 
fh» 7 week-old mice and 21 days later, a second immunization was performed. According to Example 61 or 66, an . 
^X£Z£Z2£> "era diluted 1 :100 was measured. Figure 75 ^^^^^S^ 
amMSA human antibody concentration was confirmed, final immunizat,on was performed on day 30 wrt . HSA dis 
sled ii PBS. One clone producing HSA-specific human u chain and human X chain was ob.a.ned by the producfon 

Tnele^l" » the human chromosome introduced via the chicken 
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DT-40 cell binds specifically to HSA and is functional. 

., ... .up*. MW.sc.plc «H> ,«»S^^^r<S^^«^»^*'^ 

of the chimeric mouse retains two types of chromosomal fragments. 

ssssssssssssss 

immunodeficient mouse host embryos. 

,04371 The hybridomas as obtained in Example 84-0) were subjected to seiection °^^£ZZ^£ 

treating diseases such as HIV and melanoma. 

partial fragment and human chromosome #2 partial fragment. 
[0439] TheTcmlceH^asproduced^^ 

Luision. R.B. immunochem ^^ 7 ^. 65/12 SicSI 2 m i of a mixture of chioroform 

1 ). This solution was mixed with 1 mg of asialo-GM1 ('^^^^'"""drled with a rotary evaporator. Two ml 
and methanol (2:1 ). The mixture was transferred ,nto a '^^^^ ~ thereby preparing suspension 

omas were produced. Selection culture was performed ,n he pn ^J^ 1 * " ^ a £ ordin y g to Exampie 84. 
plates. Then the antibodies in the culture so.u .on were sub pet d to scree "^J^ djss 9 o|ved ,„ 2 ml ot a 

Moreover, 0.1 5 mg of asialo-GNAI , 1 .5 mg of f^^J^^Si was re^ended in 1 00 ml of PBS. dls- 
mixture of chloroform and methanol (2:1) and dried. Netf the ndnec product was res p ELISA using the 

for diseases, such as HIV. 
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and human chromosome «2 partial tragment. 
, ro441, Hyb.domaswereproducedby— 

human TNF-a according to the m f th0 ^ ° r^Rx) The m^ce were immunized with this mixture 25 ^g/mouse. Immu- 
same amount of adjuvant (Titer Max Gold J S^^J^, o1 2 t0 3 weeks . After an increase In the ent.body 
nization was performed over approx.mately 80 days at an .merva a yhen hy . 

^ n entration was confirmed. final immunizat.or jwas 

erence into this specification. 
15 Industrial Applicability 

10445] The present invent.on provdes a p /J^^ e or muMp ,e foreign chromosomes or fragmente 
By us ng the cell of this invent.cn as a recp.ent cell into wh * «'W> homologous to the same are introduced, 
fhLofLtainingthesamegeneas^^ 

a functional cell or a chimenc non-huma an ma -w^^'* *£8 thereQf ca „ be produced . E x- 

(s) thereof, and expresses the gene on ^V^Sn^o^Sror on fragment(s) thereof in such a chimenc non- 
p/ession of the gene on single ^'P 1 ^ a bio.ogica.ly active substance. 
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Free Text of Sequence List 

ro4 471 SEQ ID NOS:1-58 and 61-74 show nucleotide sequences of primers. 

oS SEQ ID NOS:59 and 60 show nucleotide sequences o probes. 

0449 SEQ ID NO:75 shows a nucleotide sequence of St.! linker. 

0450 SEQ ID NO.76-79 show nucleotide sequences of prime*. 
S SEQ ID NO:80 shows a nucleotide sequence of Srf I linker. 

0452 SEQ ID NOS:81-108 show nucleotide sequences of pnmers. 
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SEQUENCE LISTING 



<n0> B1 » BEER U»1B ^ ■ 
Modifying Chromosomes 



<\20> Method for 
<130> 



<H0> 

15 <141> 



25 <1 70> 



<150 > JP 1°- 236169 

<151> 1998-08-21 

<160> 108 

Patents Ver. 2.0 



<210> 1 
<211> 20 



<400> 1 

tggaaggtgg ataacgccct 



<210> 2 
45 <2U> 22 



50 



55 



<212> DNA 

<2 >2> Artificial ***** 

<220> • „ nf Artificial Sequence: Pri«r 

<223> Description of Artn 

<400> 2 
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tcattctcct ccaacattag ca 

<210> 3 
<2U> 20 
<21Z> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prime. 
<400> 3 

gcaatcggtc tgccggaaga 

<210> 4 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prim 
<400> 4 

ttggatcact ttggacccag 

<210> 5 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Pri 
<400> 5 

ctctcctgca gggccagtca 

<210> 6 
<211> 22 
<212> DNA 
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<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 6 

tgctgatggt gagagtgaac tc 

<210> 7 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 7 

agtcagggca ttagcagtgc 

<210> 8 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 8 

gctgctgatg gtgagagtga 

<210> 9 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Prime 
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15 



20 



<400> 9 

tgglggctga aagctaagaa 

<210> 10 
<2H> 20 
<212> DNA 

<212> Artificial Sequence 



<220> ■ of Artificial Sequence: Primer 

<223> Description of Artmc 

<400> 10 

ccagaagaat ggtgtcatta 

<210> H 
<211> 20 
<212> UNA 

<212 > Artificial Sequence 

<220> • n f Artificial Sequence: Primer 

< 2 23> Description of Artm 

<400> 11 

tccaggttct gcagagcaag 

<210> 12 
<211> 20 
<212> DNA 

< 21 2> Artificial Sequence 

<220> artificial Sequence: Primer 

<223 > Description of Artificial 

<400> 12 

tgiagttgga ggccatgtcc 



25 
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<210> 13 
55 <211> 20 
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<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 13 

ccccacccat gatccagtac 

<210> 14 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 14 

gccctcagaa gacgaagcag 

<210> 15 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 15 

gagagttgca gaaggggtga ct 

<210> 16 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 16 

ggagaccacc aaaccctcca aa 

<210> n 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 17 

ggctatgggg acctgggctg 

<210> 18 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 18 

cagagacaca ggcacgtaga ag 

<210> 19 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 19 

ttaagggtca cccagagact 
<210> 20 
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<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 20 

tgtagttgga ggccatgtcc 

<210> 21 
<2U> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 21 

caaaaagtcc aaccctatca 

<210> 22 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 22 

gccctcagaa gacgaagcag 

<210> 23 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 



115 



EP 1 106 061 A1 



<223> Description of Artificial Sequence: Primer 
<400> 23 

tcgttcctgt cgaggatgaa 

<210> 24 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 24 

tcactccgaa gctgcctttc 

<210> 25 
<211> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 25 

atgtacagga tgcaactcct g 

<210> 26 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 26 

tcatctgtaa atccagcagt 
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<210> 27 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 27 

gatcccatcg cagctaccgc 

<210> 28 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 28 

ttcgccgagt agtcgcacgg 

<210> 29 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 29 

gatgaactag tccaggtgag tt 

<210> 30 

<211> 22 

<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 30 

ccttttggct tctactcctt ca 

<210> 31 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 31 

atagagggta cccactctgg 

<210> 32 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 32 

aaccaggtag gttgatatgg 

<210> 33 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 33 

aagttcctgt gatgtcaagc 
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<210> 34 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 34 

tcatgagcag attaaacccg 

<210> 35 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 35 

tgtgaaggag gaccaggtgt 

<210> 36 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 36 

tgtaggggtt gacagtgaca 

<210> 37 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 37 

ctgagagatg cctctggtgc 

<210> 38 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 38 

ggcggttagt ggggtcttca 

<210> 39 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 39 

ggtgtcgtgg aactcaggcg 

<210> 40 
<2ll> 20 
<212> DNA 

<2I2> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 40 
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ctggtgcagg acggtgagga 

<210> 41 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 41 

gcatcctgac cgtgtccgaa 

<210> 42 

<211> 20 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 42 

gggtcagtag caggtgccag 

<210> 43 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 43 

agtgagataa gcagtggatg 

<210> 44 
<211> 20 
<212> DNA 



121 



EP 1 106 061 A1 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 44 

gttgtgctac tcccatcact 

<210> 45 
<211> 21 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 45 

ttgtatttcc aggagaaagt g 

<210> 46 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 46 

ggagacgagg gggaaaaggg 

<210> 47 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 47 

atggactgga cctggaggrt cytctkc 

<210> 48 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 48 

atggagyttg ggctgasctg gstttyi 

<210> 49 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 49 

atgrammwac tktgkwbcwy sctyctg 

<210> 50 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 50 

cagaggcagt tccagatttc 

<210> 51 
<211> 20 
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<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 51 

tgggatagaa gttattcagc 

<210> 52 
<211> 27 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 52 

atggacatgr rrdycchvgy kcasctt 

<210> 53 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 53 

ccaagcttca ggagaaagtg atggagtc 

<210> 54 
<2H> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
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<400> 54 

ccaagcttag gcagccaacg gccacgct 



<210> 55 
<211> 28 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 
<400> 55 

ccaagcttca gaggcagttc cagatttc 

<210> 56 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 



<400> 56 

gggaattcgg gtagaagtca ctgatcag 

<210> 57 
<211> 28 
<212> DNA 

<212> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 57 

gggaattcgg gtagaagtca cttatgag 
<210> 58 
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<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 58 

gggaattcgg gtagaagtca cttacgag 

<210> 59 
<211> 60 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 59 

accttcatcg tcctcttcct cctgagcctc ttctacagca ccaccgtcac cctgttcaag 

<210> 60 
<211> 60 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Probe 
<400> 60 

tgatgctgca ccaactgtat ccatcttccc accatccagt gagcagttaa catctggagg 

<210> 61 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Primer 
<400> 61 

ctggggtgag ccggatgttt tg 

<210> 62 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 62 

ccaacccagc tcagcccagt tc 

<210> 63 
<211> 36 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 63 

aattcccgcg ggtcgacgga tccctcgagg gtacca 

<210> 64 
<211> 36 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 64 

gggcgcccag ctgcctaggg agctcccatg gttcga 
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<210> 65 
<211> 33 
<212> DNA 

<2l2> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 65 

tcgaactagt aggagaagtg aacttgagga ggc 

<210> 66 
<211> 31 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 66 

tcgaactagt gattcagtga tgctgtgcag g 

<210> 67 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 67 

gagagttgca gaaggggtga ct 

<210> 68 

<211> 22 

<212> DNA 

<212> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 68 

ggagaccacc aaaccctcca aa 

<210> 69 

<211> 24 

<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 

<400> 69 

gagctgcaag aactcttcct cacg 

<210> 70 
<211> 28 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 70 

atgactctaa ggcaggaaca tctgtacc 

<210> 71 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 71 

ctgcgtgtgt aatcgtgtcc 
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<210> 72 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 72 

tctgctgtga gtgaacctgc 

<210> 73 
<211> 20 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 73 

aggaggcacc ttggataagc 

<210> 74 
<211> 22 
<212> DNA 

<212> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 74 

tcactctgac ccacgataca gc 

<210> 75 

<211> 13 

<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence:Sfi I linker 

<400> 75 
ggccgcwgcg gcc 

<210> 76 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 76 

tcgaggtacc gtgagaacaa gacagagaat gagggagg 

<210> 77 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 77 

tcgaggtacc taatgcagag gctctttggt gtacttgg 

<210> 78 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 78 
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tcgagaattc agtagctggc actatctttt tggccatc 

<210> 79 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 79 

tcgagaattc ggagaaagaa cacacaagga ctcggtc 

<210> 80 
<211> 8 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 

<400> 80 
gcccgggc 

<210> 81 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Primer 
<400> 81 

tcgaggatcc gatagagaga ttgtcttaaa tgggtggg 

<210> 82 
<211> 37 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 82 

tcgaggatcc aacagctgga actcataaaa gcatagc 

<210> 83 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 83 

tcgaggatcc ctttagtgaa ggcaaaggaa gggacactc 

<210> 84 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 84 

tcgaggatcc tgtaaagggg tagcctgtcc tctttcatg 

<210> 85 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 



133 



EP 1 106 061 A1 



<400> 85 

cacatgacaa gagctcagcg 

<210> 86 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 86 

tctgacttcc tcatgagagc c 

<210> 87 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 87 

tggatgtatc ctgtcaagag acc 

<210> 88 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence rPriraer 
<400> 88 

cagacactct atgcctgtgt gg 

<210> 89 
<211> 22 
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<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence -.Primer 



<400> 89 

gccctcatgg aaatctcctg gg 

<210> 90 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence :Pr mer 
<400> 90 

gcagcaacag atggaaggcc tc 



<210> 91 
<211> 27 
<212> DNA 

<213> Artificial Sequence 



<220> 

• nf Artificial SequencetPnmer 
<223> Description ol ArtJTicm - m 



<400> 91 

gaacagaaag ccactcttgc tttccat 

<210> 92 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



<220> „ • 

<223> Description of Artificial Sequence -.Primer 
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<400> 92 

accgagctgc aagaactctt cctcac 

<210> 93 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: Primer 



<400> 93 

ctctcctgca gggccagtca 

<210> 94 
<211> 22 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence -.Primer 



<400> 94 

tgctgatggt gagagtgaac tc 

<210> 95 
<211> 20 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence :Pnmer 



<400> 95 

tggaaggtgg ataacgccct 
<210> 96 



136 



EP 1 106 061 A1 



<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 96 

tcattctcct ccaacattag ca 

<210> 97 
<211> 24 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 97 

tcctcttttt ccttcctttg cctc 

<210> 98 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: Primer 
<400> 98 

attattttgg gcgttgcgtg g 

<210> 99 
<2U> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> Description of Artificial Sequence: Primer 
<400> 99 

agtgagataa gcagtggatg 

<210> 100 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Pnmei 
<400> 100 

gttgtgctac tcccatcact 

<210> 101 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence -.Prim. 
<400> 101 

gagagttgca gaaggggtga ct 

<210> 102 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence:Pn 
<400> 102 

ggagaccacc aaaccctcca aa 
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<210> 103 
<211> 20 
<212> DNA 

<213> Artificial Sequence 

<220> . 
<223> Description of Artificial Sequenced 

<400> 103 

atagcagctt tgctccttcg 

<210> 104 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence-.P 
<400> 104 

ttctctcctg cacatagccc 

<210> 105 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: 
<400> 105 

agtgagataa gcagtggatg 

<210> 106 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
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<220> 

<223> Description of Artificial Sequence: Primer 
<400> 106 

gttgtgctac tcccatcact 

<210> 107 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 
<400> 107 

tggaaggtgg ataacgccct 

<210> 108 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence :Primer 
<400> 108 

tcattctcct ccaacattag ca 



Claims 
1 



A method for producing a cell comprising a modified foreign chromosome(s) or a fragments) thereof, which com- 
prises the steps of . 

(a) preparing a microcell comprising a foreign chromosome(s) or a fragment(s) thereof, and transferring i said 
foreign chromosome(s) or a fragment(s) thereof into a cell with high homologous recomb.nat.on eftoency 
through its fusion with said microcell; 

(b) in said cell with high homologous recombination efficiency, inserting a target.ng vector by homologous 
recombination into a desired site of said foreign chromosome(s) or a fragment(s) thereof and/or a des,red site 
of a chromosome(s) derived from said cell with high homologous recombination efficiency, thereby marking 
the desired site; and 
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(c) in said ce.l wKh high homologous recombination efficiency, causing deletion and/or translation to occur 
at the marked site of said foreign chromosome(s) or a fragment(s) thereof. 
ThemethodofCaimLwhereinapiuraiityofsaidceilswithhighhomoiogousrecombination efficiency are subjected 
' to whole cell fusion after steps (a) and (b) and are subjected to step (c). 

The method of claim 2, wherein a p.u.arity of said cel.s with high homologous recombination efficiency each com- 
prises a distinct foreign chromosome(s) or a fragment(s) thereof. 
. The method of c.aim 1 , wherein said cel. comprising a modified foreign chromosome(s) or a fragments) thereof 
is an animal cell. 

s! The method of claim 4, wherein said animal cell is a mammalian cell. 

6. The method of claim 4, wherein said animal cell is a non-human animal cell. 

7. The method of claim 1 , wherein said targeting vector contains a telomere sequence which is introduced into a 
desired site by insertion of the targeting vector. 

8. The method of claim 2, wherein said deletion occurs at a site into which said telomere sequence has been intro- 
duced. 

recombination enzyme is introduced. 

11. Themethodofc.aim10,whereinsaidtr^^^ 
thereof. 

12. The method of claim 11 , wherein a plulanly of said foreign chromosomes are derived from the same species. 

13. The method of claim 12, wherein said same species is a human. 

14. The method o, c.aim 11 , wherein a p.u.arity of said foreign chromosomes are derived from different species. 
15 The method of claim 14, wherein said species are a human and a mouse. 

17. The method of claim 9, wherein said site-directed recombination enzyme is a Cre enzyme. 

18. The method of claim 9, wherein said recognition sequence for a site-directed recombination enzyme is a LoxP 

sequence. 

19. The method of claim 1 , wherein said cel. with high homologous recombination efficiency is an embryonic stem cel. 
(or ES cell). 

20 . The method of c.aim 1 , wherein said ce.. with high homo.ogous recombination efficiency is a chteken DT-40 cel.. 

2 1 The method of c.aim 1 , whfch further comprises a step of screening a ceil comprising said foreign chromosome 
' (s) or a fragment^) thereof in which deletion and/or translocat.on has occurred. 
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22. The method of claim 21 . wherein said screening is based on expression of a marker gene. 

23. The method of claim 22, wherein said marker gene is a drug-resistance gene. 

24. The method of claim 22. said marker gene is a green fluorescent protein-encoding gene derived from the jelryfish 
Aequorea victoria or a modified gene thereof. 

25. The method of claim 1 , wherein said foreign chromosome(s) or a f ragment(s) thereof is derived from a human. 

26. Amethodforproducingachimeric non-human anima. comprising a modified foreign chromosome(s) or a fragment 
(s) thereof, which comprises the steps of: 

some^erived from said cell wKh high homologous recombination efficiency, thereby marking said des.red 
(c) e i ; n said cell with high homologous recombination efffciency, causing deletion and/or translocation to occur 

Sns^ 

tent non-human animal cell through its fusion with said microcell. 

27 The method of claim 26. wherein a plurality of said cells wfth high homologous recombination efficiency are sub- 
' jected to whole cell fusion after steps (a) and (b) and are subjected to step (c). 

28 The method of claim 27, wherein a plurality of said celte with high homologous recombination efficiency each 
comprise a distinct foreign chromosome(s) or a fragment(s) thereof. 

29. The method of claim 26, wherein said targeting vector comprises a telomere sequence which is introduced into a 

desired site by insertion of the targeting vector. 
30 The method of claim 29, wherein said deletion occurs at a site where said telomere sequence has been introduced. 

vector. 

ZeZ chromosome(s) or a fragments) thereof at a site into which said recogmt.on sequence .s mtroduced. 
33. Themethodofc.aim32,whereinsaidtranslocationoccursbetweenapluramyofforeignchromosomesorfragments 
thereof. 

34 The method of claim 32, wherein said translocation occurs between said foreign chromosome( S ) or a fragments) 
thereofand said chromosome(s) derrved from said cell with high homologous recombinafon effiaency. 

35. The method of claim 31 . wherein said site-directed recombination enzyme is a Cre enzyme. 
; 36. The method of c.aim 31 . wherein said recognition sequence for site-directed recombination enzyme is a LoxP 
sequence. 

37. The method of c.aim 26. wherein said cell with high homologous recombination efficiency is an embryonic stem 
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cell (or ES cell). 

» The me.hod o. C te » »he„in M - — *— 

40. The method o, c.aim 39. .herein said screening is based on expression o, a maKer gene. 
,o 41 The method o« ciaim 40. wherein said marker gene is a d ^-resistance gene. 

Aequo** *»"» »' a ">od«ied 8 ,ne the,e °'- 

■ ■ ii. .,„ ,h, » mtaocell is produced Irem ssid cell «'» w 9 h homologous 
„ 43. The method »l dtin », «*«» m « Z^.T^Xj£>tW '»«'»'• » «*** ael,tlon T d 

" M The method ol cWn 26. s.ld pld«po« c=« Is an embryonic stem e«l (0. ES cell). 

. The method e,.,m n. -orelgn chromosome,*, ., . .r a gme„, ( s, thereo, Is dehved trom 

of which comprises the steps of: 

21 s.ld c.» - high homo* gods re.om«or, -l«««y. , '" -M,W, " °"™ 

sees ..Ld ^ »«r:sr.i*' — • » — • — 

,») preperhg . mlc.oeell compn.,,.9 Mo eigne ^'"^^Lm^.meW « • <™»««M "»° 

' a desired site by insertion of the targeting vector. 
5 „ T h,me,hodo,«.,m.,.he re ,os oi dde,.,oh^s.,.s te «o*«.«^.ho e h..h e »«d U ced. 
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~« ««r a «ite-directed recombination enzyme, so that an 
said targeting vector comprising said recognition 'e.etion a translocation of said 

5 , The methodofc,aim5,whe^ 

5 ;Zlo,c, a im 4 e, h ereinsaidce,, Wtthhi9h ~ 

• . n «, eD ot screening cells containing a foreign chromosome(s) or 

SJSfwo* «*** « a moditied gene thereot - 

• * oroduced from said cell with high homologous 
63 The method of claim 46. wherein, in the step ^jiT^entW thereof, in which deletion and/or translocation 
Combination efficiency; saidforeigr » f™™"** JSlSTEiion with the microce.l; a microceli Is produced 
have/has occurred, is/are transferred into a CHO ^ througn ^ whfch deletjon and/or t rans 

crocell 

M .^^-«*--^-•^--••■ , *" ,,,^, * - """ ,,-,, ' , '' 
- .Zl-**--^-■^-- , "■-" ,, " <, * - " m " ,, """■" 

K..^ a n «nimal is a fibroblast cell derived from fetus. 
66. The method of ciaim 46. said ce.i derived from a non-human ammal 

t «„ m «r.uc^ thpreof is derived from a human. 

.< nrntM obtained by deletion ot a foreign chromosome(s) 
68 . A non-human animal, which retains a chromosomai f ragment(s) obta,ned by 
or a fragment(s) thereof. 

. m. t„. »— ■ — - — -■ — ' - — " " ,9me ™ lS> 

rality of foreign chromosomes or fragments thereof. 
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75 The non-human animal ol claim 

• mB i of claim 70, which is a bovine. 
2J 80. The non-human an.mal of claim «i. 

lmD i of claim 70, which is an ovine. 
81 The non-human animal of claim #u, 

- ssSSSSSSSSSSSS^-' 

which 

H « rccoahlW ««« »' « iBereo| m a ce „ ^ comp „, es the «V * 

S in said cell with high homclogc us recomo t(s) tnereof . 

« 87 The artificial chromosome vector 

M . A ,««*>!.»"> ch-on.os.rn. or . Md"** "»'«* 
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NAMES OF POLYMORPHIC 
AND GENETIC MARKERS 
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FIG. 14 
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FIG. 15 
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FIG. 33 




0 10 20 30 



DAYS AFTER THE FIRST IMMUNIZATION 



175 



EP 1 106 061 A1 




176 



EP 1 106 061 A1 



FIG. 35 



0.8 




DAYS AFTER THE FIRST IMMUNIZATION 



177 



EP1 106 061 A1 




178 



EP1 106 061 A1 



i 




179 



EP 1 106 061 A1 




180 



EP 1 106 061 A1 





SPERM 


1 


CO 
CS) 


N 


r-l 


+ 


rH* 


«s 




TESTIS 


2ND MEIOSIS 


1 


rH 




CO 


+ 


in § 

rH J* 


0> CO 

in 


CO ^ 

rH *3? 

00 




CO 

8 

a 
s 

H 

CO 


1 


o 


o 


o 




rH o 
rH 


<o o ■ 

i-i o 

rH 


15 
(100%) 


BONE MARROW 


1 


o 

no 


00 




+ 






in S 

rH 


UVER 




rH 


o 


rH 


+ 


o 

<° s 


„ $ 

2 o 

CO o 
1—1 




SPLEEN 


1 


c*a . 


CO 
CS] 


CO 


+ 


-3 

rH *^ 


CO 


rH 


BRAIN 




o 


o 


CNJ 


+ 


o o 

CO o 
1-1 


§8 

CO o 

rH 


rH ^ 




16-5 
(Fl) 


17-8 
(Fl) 


17-23 
(Fl) 



u 

S 
z 

i 

CO 

u. 
O 

Z 

o 

p 



181 



EP1 106 061 A1 




182 



EP 1 106 061 A1 




l-J 

i 



o 
u 




00 

S 



d 
E 



183 



EP 1 106 061 A1 



CD 

cvr 



CO 
CO 

X 



00 
CM 



2 

U3 



X 
O 



~5~ 

X 

o 

e 

Q 



O 

a 



o 

2 
O 
X 



o 



< 

X 

I 

>• 
> 

X 

>• 

8 



3 



i 



5 

o 

o 
o 



B z 



5 

o 
□ 
>- 

Q 
O 
ca 



+ + 



+ + 



CO ^; $2 

in od ^ 



+ + 



§ £ £ 

0Q T- 



E 

2 
D 

S 

CO 

2 

< 
X 



2 
< 

2 
D 
X 



B 

2 
D 

a 

z 

2 

< 
X 



bo 
E, 

D 
u 
to 

00 

2 

00 

2 

< 
X 

u 



2 
< 

5 
D 
X 



2 
< 

2 

X 



3 ww ^ 

* OO 00 



9 

E 



184 



EP1 106 061 A1 



1000- 



100' 



mg/) 



10- 



+ 



* 



0.1 



+ 

-4- 



t 

+ 



+ 
+ 



0.01 



"7' 


.1 


o 


Ti 


ZT 




QUi{ 


□r 


3 


3 


CD 




3 




X 








o 




X 



■S 

TJ 
X 

O 



3 

X 

2 

O 



3 



O 

s 



HG.43 



185 



EP1 106 061 A1 




186 



EP1 106 061 A1 




187 



EP1 



SHORT 
ARM 




CENTROMERE 



~Ig A 
--D22S315 



LONG "-D22S280 
ARM 

--D22S283 

--D22S274 
HUMAN CHROMOSOME #22 

FIG. 46 



061 A1 



DT40/#22neo 





I 52-1 


52-18 


Ig A 


O 


O 


D22S315 


O 


O 


D22S280 


O 


O 


D22S283 


O 


O 


D22S274 • 


O 


O 



188 



EP1 106 061 A1 




189 



EP1 106 061 A1 



3 


o 


o 


o 


o 


X 


X 


X 


X 


X 


X 


X X 


X 


X X 


X X 


X 


CO 
M 


o 


o 


o 


o 


X 


X 


X 


X 


X 


X 


X X 


X 


X X 


X X 


X 


8 


o 


o 


o 


o 


o 


o 


o 


O 


O 


O 


O O 


O 


O O 


O O 


0 


8 






o 


o 


H 

z 


o 


o 


O 


O 




O O 


O 


O x 




0 


?3 






o 


o 




o 


X 


O 


O 




O O 


O 


O x 


lo 


0 


8 


o 


o 


o 


o 


|X 


X 


X 


X 


X 


X 


X X 


X 


X X 


X X 


X 


IS 


o 


o 


o 


o 


Ix 


X 


X 


X 


X 


X 


X X 


X 


X X 


X X 


X 




o 


o 


o 


o 


IO 


o 


X 


O 


O 


O 


O O 


O 


O x 


0 0 


0 


3 


o 


o 


o 


o 


,o 


o 


O 


O 


O 


O 


O O 


O 


O O 


0 0 


0 




190 



EP1 106 061 A1 




191 



EP 1 106 061 A1 



3 



I 

o 

CO 

< 



0 20 

^ ^ ^ ^ ^ 



anti-TNFa human Igy 




40 



t 



60 



Days after immunization 



80 



FIG. 50 



192 



EP 1 106 061 A1 



0.30r 



o 

e 

o 

CO 




-0.05 



Days after immunization 



FIG. 51 



193 



EP 1 106 061 A1 



1.2r 




t t . t 

Days after immunization 



FIG. 52 



194 



EP1 106 061 A1 



AH/AH, SC20 



AH/AH 



SI 



hp. 





-10°^ jo' 



IF 



10* 10^ 



1 






1 u U ^ 



B220 



AH/ AH, SC20: Single Tc/KO mouse 
AH/ AH: antibody heavy-chain KO mouse 



FIG. 53 



195 



EP 1 106 061 A1 



4) 
cn 
D 
O 

E 

'5b 
.S 



s 



o 

I « 

V o 
o p 

cd 



4) 



O ♦ I 





| 






tit 






o 






COj|o 





E 
'S5 

1 

c 

§ 
E 



u 
c 

CC 

E 

S3 



ca 
O 



c 

ca 

£ 

3 



O 

o 

§ 



o 
o 



o 
o 



(ySui) uiiuss sin in uoiibjiusoucq 



196 



EP 1 106 061 A1 









oo o ! 


% 


coo 

: 
I 
: 



CO 

E 



>- 

B 

CO 

E 



C 

E 



E 

3 



O 

o 
o 



o 
o 



Q/Sui) ranjQS Qip in uoijbjju90UO3 



in 

d 
E 



197 



EP1 106 061 A1 




Days after immunization 

FIG. 56 



198 



EP 1 106 061 A1 




Days after immunization 

FIG. 57 



199 



EP 1 106 061 A1 




200 



EP 1 106 061 A1 




EP1 106 061 A1 



o 

d 
E 



OS 

f 

S3 



a 

8 
3 




202 



EP1 106 061 A1 




203 



EP 1 106 061 A1 



s 

•I 
I 



1 

3 



•a 



1 

o 

3 



7! 




4 



v© 

b 
E 



5 

X 



204 



EP 1 106 061 A1 



2 



od 




--« \ 



o 
o 

■a 



1 
I 



— CO 



t 



8 



CO 

d 
E 



4 



205 



EP1 106 061 A1 




206 



EP1 106 061 A1 




207 



EP 1 106 061 A1 




208 



EP 1 106 061 A1 




209 



EP 1 106 061 A1 



o o o o o o 



o o o o o o 



m s 



- < 



g s 5 * s a 
S 2 > o o u 



o o o o o 



x x x x x 



°o Q 22 C 

00 <n m c- 

1 I I I § 
a q o o P 



V 



Q 



C 

3 



i 
l 

EC 2 H 2 

2> Q Q Q 

- II I 1*1 I H 

I ° 
I 



5 



210 



EP 1 106 061 A1 



r — \ 



FIG. 69 



2p 



Signal derived from 
pGKPuro probe 



> — < 



2q 



v / 



\ / 



521D4 



CD10 



211 



EP1 106 061 A1 




212 



EP1 106 061 A1 





213 



EP 1 106 061 A1 




214 



EP1 106 061 A1 



o 
o 



Cu 




215 



EP 1 106 061 A1 





216 



EP 1 106 061 A1 



FIG. 75 




0 5 10 15 20 25 30 35 



days 



217 



EP 1 106 061 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/04518 



CLASSIFICATION OF SUBJECT MATTER 

Int.Cl* A01K 67/027, C12N 5/10, C12N 15/06 



According to International Patent Classification (IPC) or to both national classification end IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 6 A01K 67/027, C12N 5/10, C12N 15/06 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
BIOSIS (DIALOG) , JOXS(JICST) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



Y 
A 
A 



Torrd2uka K. , et al., Nature Genetics, vol.16, p. 133-143 
(1997) 

WO, 97/07671, Al (Kirin Brewery Company, limited) , 

06 March, 1997 (06.03.97) 

& AU, 6837696, Al & EP, 843961, Al 

Dieken E.S. et al., Nature Genetics, vol.12, p. 174-182 
(1996) 

Smith A.J. H. et al . , Nature Genetics, vol.8, p. 376-385 
(1995) 

Willmut et al.. Nature, vol.385, p. 810 (1997) ' 
Ramirez-SolieR. et al . , Nature, vol.378, p. 720-724 (199S) 
Hills W. et al., Human Mol . Gen . , vol.8, p. 751-761 (1999) 



66,70 
26-67,69,71-83 

68,70 
26-67,69,71-83 



1-92 

1-92 

46-67 
1-92 
1-92 



Further documents are listed in the continuation of Box C Q See patent family annex. 



• Special categories of c he d documents; 

"A" document defining the general slate of the an which is not 

considered to be of particular relevance 
"E" earlier document but published on or after the internal ional filing 

date 

"L" document which may throw doubu on priority c)oim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

-p- document published prior to the international filing date but bier 
than the priority date claimed 



T~ later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" documenl o f particular relevance; the chimed Invention cannot be 
considered novd or cannot be considered to involve an inventive 
step when the document is taken alone 

*Y" documenl of paniculor relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination be tog obvious to a person skilled in the an 
document member of the same patent fondly 



Date of the actual completion of the international search 
15 November, 1999 (15.11.99) 



Date of mailing of the international search report 
24 November, 1999 (24,11.99) 



Name and mailing address of the ISA/ 
Japanese Patent Office 

Facsimile No. 



Authorized officer 



Telephone No. 



Form PCT/JSA/210 (second sheet) (July 1992) 



218 



EP1 106 061 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP99/04518 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category" 
A 



Citation of document, with indication, where appropriate, of the relevant passages 
WO, 98/54348, Al (Bruggrmann M. ) , 
03 December, 1998 (03.12,98) 
& GB, 97-11167, Al & AU, 766769B, Al 

WO, 97/49804, Al (Baylor College of Medicine), 

31 December, 1997 (31.12.97) 

& AU, 3507297, Al & EP, 907726, Al 



Relevant to claim No. 



1-92 



1-92 



Form PCT/1SA/210 (continuation of second sheet) (July 1992) 



219 



